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STEM EDUCATION
ABSTRACT
Many educational institutions reported challenges with achieving student success in STEM
disciplines and attribute these challenges to the lack of knowledge and education among
educators on how and what to teach regarding STEM education (Stehle & Peters-Burton, 2019).
This qualitative case study explored how core subject teachers outside STEM/CTE education in
one middle school in the mid-Atlantic region of the United States view, understand, and integrate
STEM education and skills into their curriculum. The study used a combination of Likert surveys
and semi-structured interviews to identify themes that may contribute to challenges many
educational institutions are experiencing in regard to student success in STEM disciplines. The
study found three themes and three subthemes. The first theme discovered was that most teachers
outside STEM/CTE courses understand what STEM is and agree that it promotes STEM skills
within the content areas they teach. The second theme identified was that there is a lack of
training in STEM education and STEM integration among teachers at the study site. The third
theme found was that many teachers struggle to collaborate with other teachers in different
content areas to conduct STEM activities and integrate STEM across the curriculum. This
struggle is due to a lack of knowledge and pressure to implement state standards and prepare
students to be successful on the state standardized test. The interpretations of the data led to the
implications that there is a need for more professional development in STEM education among
all educator in all content areas at the school level. Another implication is that there is a need to

iv

include STEM focused programs for teachers in teacher preparation programs so that they are
equipped with the skills needed to successfully integrate STEM education in any content area.
Keywords: STEM education, STEM integration, teacher education, collaboration, case
study
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CHAPTER 1: INTRODUCTION
The United States Department of Education stated that high school graduating students
who take a common standardized test called the ACT, seem to be falling behind many other
countries in terms of STEM readiness (Act, 2018). According to the most recently collected and
analyzed data by ACT, 43% of graduates were interested in STEM careers, but only 20% of
these students met the STEM readiness benchmarks, which have been dropping over the last
decade (Act, 2018). These benchmarks measure the overall performance in math and science to
determine how prepared students are within those fields (Act, 2018). In 2009, President Obama
announced the Educate to Innovate initiative to address the lack of student interest and skill
readiness in STEM fields (National Archives and Records Administration, 2016). The goal of
this initiative was to recruit STEM teachers and provide resources to help teach students about
the vast career opportunities in STEM (National Archives and Records Administration, 2016).
The initiative also focuses on teaching students necessary STEM skills to be successful in the
evolving workforce (National Archives and Records Administration, 2016). However,
researchers and curriculum developers have identified that there are varying interpretations
among teachers of what STEM education is and how to teach it (English, 2016). These different
perspectives have led to confusion about how and what to teach in terms of STEM education,
which may be one of the reasons for the lack of student interest and acquired skills needed to be
successful in STEM careers (English, 2016).
Statement of the Problem
The problem this study addressed is the lack of research about how core subject teachers
outside STEM/CTE education, view, understand, and integrate STEM education and skills into
their curriculum. Many educational institutions report challenges with achieving student success
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in STEM disciplines, and attribute the struggle to the lack of knowledge and education on how
and what to teach regarding STEM education among teachers across the curriculum (Stehle &
Peters-Burton, 2019). Specifically, there is limited agreement on how to teach STEM education,
help students gain the necessary skills to be successful in STEM careers, and encourage students
to pursue STEM careers after graduation (Stehle & Peters-Burton, 2019). Students who enter
STEM careers immediately after high school graduation may be knowledgeable about the field
content but are not necessarily equipped with the skills of how to apply the knowledge through
collaboration and problem-solving that the fields require to be successful (Odell et al., 2019).
These skills can be taught through integrative teaching approaches in STEM across the
curriculum; however, many K-12 educators struggle to accomplish this due to confusion of
where and how to integrate these practices (Stehle & Peters-Burton, 2019).
Purpose of the Study
The purpose of this case study was to explore how core subject teachers outside
STEM/CTE education in one middle school in the mid-Atlantic region of the United States view,
understand, and integrate STEM education and skills into their curriculum. To achieve its
purpose the study explored how and/or if teachers practice common teaching methods associated
with STEM education such as problem-based or project-based learning. The study also explored
what methods teachers use in their classroom or content areas to promote and practice common
STEM skills identified in the literature review such as communication, collaboration, critical
thinking, and innovation.
Research Questions
The qualitative case study explored how core subject teachers outside STEM/CTE
education in one middle school in the mid-Atlantic region of the United States view, understand,
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and integrate STEM education and skills into their curriculum by using surveys and interviews to
ensure the subject is thoroughly explored (Baxter & Jack, 2008). The qualitative study approach
provided the opportunity for the researcher to delve into the experiences and knowledge middle
school core subject teachers have in STEM education and identify themes that allowed the
researcher to illuminate areas that could be addressed for further action. This research answered
the following questions:
1. How do middle school core subject teachers outside STEM/CTE view STEM
education interconnectedness with core content?
2. What knowledge do middle school core subject teachers outside of STEM/CTE
have in STEM education?
3. What STEM practices, if any, do core subject teachers outside of STEM/CTE
integrate into their curriculum to promote STEM skills?
Conceptual/Theoretical Framework
The framework for the case study was based on Kelley and Knowles’ (2016) A
Conceptual Framework for Integrated STEM Education and Honey et al. (2014) STEM
Integration in K-12 Education: Status, Prospects, and an Agenda for Research. Kelley and
Knowles (2016) and Honey et al. (2014) explained that an integrated approach to STEM
education will help students identify connections between STEM subjects and real-life problems,
promote STEM career skill readiness, and support the learning of content across the curriculum.
The conceptual framework that Kelley and Knowles (2016) suggested for integrated STEM
education is based on situated cognition/learning theory developed by Brown et al. (1989).
Situated cognition/learning is the theory that knowledge is embedded in situations or activities
that allow the student to learn the content and apply it through experience (Brown et al., 1989).
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Providing students with an opportunity to develop an experience through learning and
application can promote authentic and relevant learning (Kelley & Knowles, 2016).
Kelley and Knowles’ (2016) conceptual framework for situated cognition/learning of
STEM education illustrates how all the subjects are connected through a community of practice.
The community of practice are educators who help guide students through situations to apply
knowledge from varying subjects to solve-problems (Kelley & Knowles, 2016). Honey et al.
(2014) developed a descriptive framework for integrated STEM education that focuses on
teachers. The framework breaks down the goals and outcomes of STEM integration for students
and teachers, nature and scope of integration, and implementation factors (Honey et al., 2014).
The framework also illustrates the different components that should be addressed to successfully
create a community of practice and promote situated cognition/learning in STEM education
(Honey et al., 2014). The conceptual framework for the study illustrated how the views of
teachers, their understanding for STEM education, and current STEM integration practices, are
interconnected and support teacher understanding of situated cognition/learning of STEM
education (Brown et al., 1989). The literature review discussed what each of these segments
entails, while the study explored how they are used among middle school core teachers outside
of STEM/CTE.
Definition of Terms
The study used several terms to describe STEM education and explain the importance of
integrating it across the curriculum in U.S. schools. The terms below are defined to promote a
better understanding of how they are used in context within the study.
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CTE. CTE stands for Career and Technical Education (Stauffer, 2020). CTE is the
practice of teaching students specific career skills associated with high demand careers including
STEM careers (Stauffer, 2020).
Middle School. Middle School is identified as a school between elementary and high
school. Middle school in the state where the study will take place refers to 6th, 7th, and 8th grade
levels (Tamer, 2012).
STEM Careers. STEM is an acronym for science, technology, engineering, and math
(Kloser et al., 2018). STEM careers are jobs with a focus in science, technology, engineering,
and/or mathematics where the workers try to understand how the world works and solve
problems (Vilorio, 2014).
STEM Skills. STEM skills are also known as 21st century skills (Care et al., 2017).
STEM skills/21st century skills are described as skills that can be universally applied to enhance
ways of thinking, learning, working, and living in the world (Care et al., 2017). STEM careers
utilize STEM skills such as collaboration, brainstorming, critical thinking, etc. (Act, 2018).
Integrated STEM Education. Integrated STEM education is curriculum based on
educating students on science, technology, engineering, and mathematics subject areas by
integrating them across the curriculum to promote real-world application and problem solving
(Roehrig et al., 2021). STEM education also refers to the development of STEM skills such as
collaboration, brainstorming, critical thinking, etc. (Act, 2018).
Assumptions, Limitations, and Scope
The primary assumptions in the study were that the core subject teachers outside
STEM/CTE at the middle school where this study was conducted have a basic knowledge of
what STEM education is and practice implementing STEM education and/or skills within their
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curriculum in some form. Assumptions do not hold proof, therefore if the study participants did
not have a basic understanding of STEM or practice it in some way, questions two and three of
the study would not be able to be answered (Bloomberg & Volpe, 2019). To account for this
assumption, the researcher used purposeful sampling described by Merriam and Tisdell (2016) as
a sample for which the most can be learned. Purposeful sampling was used to select participants
who self-report that they have a basic understanding of STEM and use STEM practices, allowing
the researcher to have a sample that answered the research questions. The researcher collected
data to determine the extent of the participants practice and training in STEM education to
ensure that the self-report supports the sampling needs.
The researcher also assumed the surveys and semi-structured individual interview
approach provided adequate evidence of teacher experiences and perspectives of STEM
education and use. The researcher also assumed that a combination of surveys and interviews
provided a research design that was credible as it provides multiple sources of data (Merriam &
Tisdell, 2016). Through triangulation, the data collected reflected the collective perspectives,
knowledge, and practices of STEM education of core content teachers at the middle school.
The study was limited to one middle school in the mid-Atlantic region of the United
States. The limited participant population of one school will not be able to reflect the general
knowledge or practices of all middle school core content teachers regarding STEM education. To
address this limitation, the researcher collected detailed descriptions of the participants’
education regarding STEM. The information collected was able to illustrate a variety of
educational backgrounds and how they may prepare teachers in STEM education.
Another limitation to this study is that there is room for bias within the questions of the
survey and interview, as the researcher is both the data collector and analyst. The researcher
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creating the questions, conducting the interviews, and then analyzing the results, can easily
impose their own personal beliefs without knowing it (Birt et al., 2016). This limitation could
impact the themes coded in the transcripts. To address this limitation, the researcher will use
bracketing, member checking from the participants, and peer-reviews of the questions in the
survey and interview. Bracketing is a process where the researcher explores their own personal
viewpoints and assumptions on the topic within the study, which are then bracketed or set aside
(Merriam & Tisdell, 2016). Through bracketing, participants checking the transcripts and
preliminary findings, and peers reviewing the survey and interview questions, the researcher can
confirm the themes that were found and identify new themes that were not obvious (Birt et al.,
2016).
The third limitation is that the demographics of the study site are unique to the area as it
is within the metropolitan area of a large city which could differ from surrounding more rural
school districts. This limitation may impact the resources these teachers have access to and could
limit transferability of the study. Merriam and Tisdell (2016) suggested that one way to promote
transferability in a study is by being as descriptive as possible with the details of the study site,
participants, and findings. The study described in detail the study site and participants with the
information available without jeopardizing participant confidentiality. The decision to use the
study and determine if it is transferable to other studies will rely on the researcher who wishes to
apply the study findings to their own setting (Merriam & Tisdell, 2016).
Rationale and Significance
The rationale for conducting the qualitative case study is that students today are the
workforce of tomorrow, but currently are not equipped with the skills needed to work in a world
that requires them to innovate and be proficient in science, technology, and engineering fields
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(Odell et al., 2019). Integration of STEM education and skills throughout the curriculum in K-12
classrooms is essential to helping students develop the necessary skills needed to be successful in
the world’s evolving workforce (Rehmat & Hartley, 2020). Identifying how current educators in
core subjects outside STEM/CTE practice STEM integration will help researchers, curriculum
developers, and other education professionals find ways to educate teachers on STEM instruction
and curriculum needed to achieve STEM skill readiness among students.
The significance of this qualitative case study is that it explored how core subject
teachers outside STEM/CTE education in a middle school view, understand, and integrate STEM
education and skills into their curriculum. Studies have shown that there are various
interpretations of what STEM education is among teachers and multiple ways to teach it (Margot
& Kettler, 2019). The researcher has found limited data pertaining to how core subject teachers
outside STEM/CTE courses in middle schools implement STEM skill. Exploring teacher
knowledge and teaching methods in STEM education may help determine what next steps will
be to implement best practices throughout the school. The successful integration of STEM
education will allow students to develop necessary STEM readiness skills needed to be
successful in an evolving workforce (Rehmat & Hartley, 2020).
Conclusion
High school graduates who enter STEM careers may be knowledgeable about the field
content but are not necessarily equipped with the skills of collaboration and problem-solving that
the fields require to be successful (Odell et al., 2019). These skills can be taught through
integrative teaching approaches in STEM; however, many K-12 educators struggle to accomplish
this due to confusion of where and how to integrate these practices (Eisenhart et al., 2015). The
purpose of this case study was to explore how core subject teachers outside STEM/CTE
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education in one middle school in the mid-Atlantic region of the United States view, understand,
and integrate STEM education and skills into their curriculum. The study answered how teachers
view STEM education interconnectedness with core content, investigate the knowledge core
teachers have regarding STEM education, and examine teaching methods associated with
promoting STEM skill learning. The data may provide insight on where and how best practices
for STEM integration can be included. The literature review in Chapter 2 will examine current
views of STEM education among teachers, the evolution of STEM education as a basis of
understanding, and various integration methods commonly used among teachers to implement
STEM education within their classroom.
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CHAPTER 2: LITERATURE REVIEW
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum. This
chapter includes the review of literature, the conceptual framework for the study, and the
conclusion. The review of the literature will describe what STEM education and STEM literacy
are, explore STEM pedagogy, and examine teacher views of STEM education. The conceptual
framework will discuss theories that other researchers have explored that support the present
study. Lastly, the conclusion will summarize Chapter 2 and lay the foundation for methodology
in chapter 3.
Conceptual/Theoretical Framework
The framework for this case study was based on Kelley and Knowles’ (2016) A
Conceptual Framework for Integrated STEM Education and Honey et al. (2014) STEM
Integration in K-12 Education: Status, Prospects, and an Agenda for Research. Kelley and
Knowles (2016) and Honey et al. (2014) explained that an integrated approach to STEM
education will help students identify connections between STEM subjects and real-life problems.
An integrated approach will also provide support for workforce readiness by promoting the use
of STEM career skills across the curriculum (Honey et al., 2014; Kelley & Knowles, 2016). An
integrated STEM education approach will also support the learning of content in not only STEM
subjects, but subjects outside of STEM such as social studies and language arts; and allow
students to build connections between the subjects rather than view them in isolation (Honey et
al., 2014; Kelley & Knowles, 2016).
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The conceptual framework that Kelley and Knowles (2016) suggested for integrated
STEM education is based on situated cognition theory (also known as situated learning theory)
developed by Brown et al. (1989). Situated cognition/learning is the theory that knowledge is
embedded in situations or activities that allow the student to learn the content and apply it
through experience (Brown et al., 1989). Kelley and Knowles (2016) summarized situated
cognition/learning theory as “the concept that understanding how knowledge and skills can be
applied is as important as learning the knowledge and skills” (p. 4). Brown et al. (1989) argued
that many institutions have adopted teaching practices in which subjects are taught separately,
which is not how knowledge of the subjects is applied in the real-world and may impact how
students understand how to apply the knowledge learned. Providing students with an opportunity
to develop an experience through learning and application can promote authentic and relevant
learning (Kelley & Knowles, 2016, p. 4).
Kelley and Knowles (2016) proposed a conceptual framework for integrated STEM
education connecting situated cognition/learning with STEM subjects using a pulley system to
connect the common practices within the STEM subjects and promote STEM skills. The
framework illustrates how the different STEM subjects are connected through a community of
practice (Kelley & Knowles, 2016). The community of practice represents educators assisting
students to not just understand the content from multiple subjects, but also be able to apply the
knowledge collectively to real-world situations (Kelley & Knowles, 2016). The problem many
educational institutions have faced in the past is that few teachers understand what STEM
education is or how to use situated cognition/learning theory to integrate STEM into their
curriculum and/or promote STEM skills (Honey et al., 2014; Kelley & Knowles, 2016).
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Honey et al. (2014) developed a descriptive framework for integrated STEM education.
The framework breaks down the goals and outcomes of STEM integration for students and
teachers, nature and scope of integration, and implementation factors (Honey et al., 2014). The
framework illustrates the different components that should be addressed to successfully create a
community of practice and promote situated cognition/learning in STEM education (Brown et
al., 1989). The focus of this proposed study is to understand where the community of practice (or
educators) are regarding the different components at the study site. To accomplish this, the
researcher has developed a framework for the study based on situated cognition/learning theory
presented by Kelley and Knowles (2016) and Honey et al.’s (2014) descriptive framework for
educators on necessary components for successful STEM integration. The study will focus on
how core subject teachers outside STEM/CTE education in a middle school view, understand,
and integrate STEM education and skills into their curriculum and practice situated cognition/
learning which is illustrated in Figure 1 (Brown et al., 1989).
Figure 1
Foundations of STEM Education Integration for Teachers

Note. Model was created by the researcher to illustrate the connection between teacher views,
understanding, and integration of STEM education are the foundations of successful STEM
integration across the curriculum.
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The Kelley and Knowles (2016) conceptual framework for integrated STEM learning
illustrates how all the subjects are connected through a community of practice. The conceptual
framework for this study illustrates how the views of teachers, their understanding of STEM
education, and current STEM integration practices are interconnected and support teacher
understanding of situated learning of STEM. The methodology for exploring how the core
subject teachers outside the STEM/CTE department at the study site view, understand, and
practice STEM education, will be identified in Chapter 3.
Review of the Literature
The literature review was designed to explore current research pertaining to how core
subject teachers view, understand, and practice STEM. The researcher used multiple source sites
to explore peer reviewed research published within the last three years. To support this study, the
literature review begins by reviewing what STEM education and literacy is. The literature review
then explores STEM pedagogy to identify common teaching methods and integration strategies
for STEM education. Lastly, the literature review will explore research pertaining to how
teachers currently may view STEM education.
STEM Literacy
Over the last few decades, policy makers and educators across the United States have
attempted to identify how to solve the lack of STEM skills in high school graduates (Ryu et al.,
2019). Research found that a more integrated approach to STEM education may promote STEM
literacy and create a learning environment where students can problem-solve by using
knowledge from various subjects in combination with the four STEM disciplines to promote
STEM literacy (Ryu et al., 2019). STEM literacy refers to (a) the awareness of how STEM
subjects impact global society; (b) the understanding and ability to use STEM skills such as
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critical thinking, collaboration, problem-solving, etc.; and (c) the understanding of some
fundamental concepts within each subject (Margot & Kettler, 2019). Furthermore, STEM
literacy is also the combination of knowledge of various content areas with skills associated with
STEM fields to solve problems (Falloon et al., 2020). Nobel Prize winner in physics, Leon
Lederman (1998), elaborated more on STEM literacy in combination with promoting STEM
skills by describing it as the ability to respond to change driven by technological advancements,
collaborate with peers, effectively communicate ideas, create solutions to problems that may
seem unimaginable in the future, and be accountable for one’s actions (Lederman, 1998).
STEM literacy in summary is the ability to make connections in content to the real-world
and utilize STEM skills to solve problems. To promote STEM literacy and skills among students,
teachers must understand what STEM education is, what STEM skills are, and how to implement
them into their lessons (Margot & Kettler, 2019). Unfortunately, there are various degrees of
how much STEM literacy teachers have due to a lack of experience and education in STEM
education, which is no fault of their own (Wang et al., 2020).
STEM Skills
Care et al. (2017) described STEM skills (or 21st Century Skills) as “tools that can be
universally applied to enhance ways of thinking, learning, working and living in the world” (para
1). Partnership for 21st Century Learning is a government-corporate organization that has defined
the major skills sets that students should acquire by the time they enter today’s workforce (van
Laar et al., 2020). These skills have been categorized into three sets and align with the tools Care
et al. (2017) stated should be universally applied. The tools are learning skills that include
creativity and innovation; critical thinking and problem-solving; communication and
collaboration (van Laar et al., 2020). The second skill set is literacy skills including information
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literacy, media literacy, and information/communication technology (ICT) literacy (van Laar et
al., 2020). Lastly, are life skills such as adaptability, initiative, social skills, accountability, and
leadership (van Laar et al., 2020).
Learning Skills
The Partnership for 21st Century Learning explains that necessary learning skills students
should acquire to be successful are creativity and innovation; critical thinking and problemsolving; communication and collaboration (van Laar et al., 2020). Creativity and innovation refer
to a student’s ability to generate new ideas and invent creative solutions to every-day problems
(Kaufman, 2013). Critical thinking and problem-solving refer to a student’s ability to filter and
reflect on acquired information to form personal opinions and perspective (van Laar et al., 2020).
Communication and collaboration refer to a student’s ability to share knowledge, perspectives,
and experiences to collectively create innovative solution to solve-problems and complete tasks
(Wang, 2010).
Literacy Skills
Literacy skills refers to a student’s knowledge of information literacy, media literacy, and
information/communication technology (ICT) literacy (van Laar et al., 2020). Media and
technology that focus on communication and providing information are constantly evolving (van
Laar et al., 2020). These platforms are also filled with misinformation; therefore, it is essential to
help students practice critical thinking, as well as how to navigate technology responsibly (van
Laar et al., 2020).
Life Skills
Life skills that are essential in the workplace include adaptability, initiative, social skills,
accountability, and leadership (van Laar et al., 2020). Partnership for 21 st Century Learning
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(2015) explained that life skills such as adaptability are important so that the students can adapt
to change not only in their daily lives, but also in the workplace, as well as effectively
incorporate feedback and constructive criticism. Initiative refers to managing goals and time,
working independently, and exploring/expanding personal learning (Partnership for 21 st Century
Learning, 2015). Social skills refer to being able to work in diverse teams, respecting and valuing
different perspectives, and working together to create innovative solutions (Partnership for 21 st
Century Learning, 2015). Lastly, accountability and leadership refer to a student’s ability to
manage projects, produce results, and guide others (Partnership for 21 st Century Learning, 2015).
STEM skills are the foundation of the future workforce (Herold, 2018). To successfully
teach students how to utilize the learning, literacy, and life skills identified by the Partnership for
21st Century Skills, teachers need to understand what they are and how to integrate them into
their curriculum regardless of the subject they teach (Faikhamta, 2020). Studies suggest the best
avenue to accomplish this task is by integrating STEM and STEM skills throughout the
curriculum (Herold, 2018).
STEM Pedagogy
Recent studies regarding STEM education suggest that students need an education that is
student-centered and provides an environment where students can analyze and synthesize the
content by examining complex problems and creating strategies to solve them using
collaborative skills (Struyf et al., 2019). The integration of STEM education across the
curriculum is essential in developing the necessary skills students will need in to be successful in
today’s workforce (Herold, 2018). To accomplish successful integration, teachers across various
content areas must be literate in STEM education and practice integration methods that promote
STEM skills (Faikhamta, 2020). However, not all in-service teachers are equipped with the
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necessary STEM literacy and pedagogy that often are only acquired during professional
development opportunities (Honey et al., 2014). There are three different methods teachers
commonly use in the classroom to facilitate student-centered learning with the inclusion of
STEM education and skills. These methods are silo, embedded, and integrated (Roberts &
Cantú, 2012).
Silo
The silo approach to teaching STEM subjects refers to each STEM subject being taught
in isolation from the rest of the curriculum (Blackley & Howell, 2015). The silo approach is
teacher-centered and focuses on content knowledge rather than hands-on experience (Roberts &
Cantú, 2012). Furthermore, the silo approach creates a segmented mindset of each of the STEM
subjects, when students would otherwise be learning the interconnectedness of the subjects
across the curriculum while developing STEM skills (Breiner et al., 2012). Many secondary
schools in the United States still use segmented classes across the curriculum including STEM
classes, which makes it difficult for students to apply STEM skills and interdisciplinary
knowledge (Sanders, 2009).
Embedded
The embedded approach to STEM education refers to the knowledge acquired with realworld situation and problem solving (Chen, 2001). Embedded teaching focuses on one STEM
discipline like in the silo approach, however, the embedded practice supplements knowledge
with content from other classes to help students navigate real world situations (Rossouw et al.,
2011). For example, students enrolled in a mobile application (apps) creating class may use
algorithm knowledge from their mathematics class to help plan their code. The use of algorithms
supplements the app course and promotes real-world application. However, if the student is not
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familiar with algorithms, then the app lesson that is attempting to embed math content and
concepts is not successful (Roberts & Cantú, 2012). The embedded approach is valuable in
student learning of STEM skills, but the lessons can be unsuccessful if students do not already
have somewhat of an understanding of the supplemental content (Roberts & Cantú, 2012).
Integrated
Integrated STEM education refers to removing walls between the subjects and teaching
as one in combination with an embedded approach (Breiner et al., 2012). One teaching strategy
that has aimed to help students practice student-centered learning by integrating the STEM
disciplines throughout the curriculum is Project/Problem-based learning (Lin et al., 2021).
Project/Problem-based learning is a strategy that allows students to integrate the “knowledge and
process of the specific STEM disciplines…simultaneously, without regard to the discipline, but
rather in the context of a problem, project, or task” (Nadelson & Seifert, 2017, p. 221). However,
educators face challenges when trying to incorporate student-centered learning and problem
solving while also focusing on common core standards and content within a specific subject
(Lesseig et al., 2017). STEM integration can be practiced many ways, and it is important to
provide a clear guide for teachers and administrators so that it can be executed correctly and
efficiently.
The TESI (Teachers Exploring STEM Integration) Project was aimed to educate teachers
on different strategies and methods to increase both teacher and student STEM literacy “to
understand and solve challenges or problems that cannot be resolved by any one disciplinary
approach” (Lesseig et al., 2017, p. 17). The project emphasized the importance of using the
Engineering Design Process, which guides engineers through the problem-solving process and
creates solutions (Hynes, 2012). The project also promoted a learning environment where there
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was not one correct answer, but an arena where ideas could flow and collaboration was
emphasized to explore solutions to everyday problems while also gaining content knowledge
(Hynes, 2012). To accomplish this vision, teachers need to be trained and educated in much the
same way as their students; however, many teachers are “typically taught in teaching methods
courses that are content-specific and do not attempt to integrate multiple STEM subjects” (Ryu et
al., 2019, p. 494).
Teachers from different content areas and regions tend to have different perspectives on
what should be their focus with STEM integration, along with pressure from administrators to
meet content standards (Honey et al., 2014). To address these challenges, efforts have been made
to design pre-service teacher programs and professional development programs to account for
the diversity in teacher learning (Faikhamta, 2020). The integrated STEM approach is gaining
momentum among many U.S. schools and can be seen in many classrooms from coast to coast
(Roehrig et al., 2021). The Project/Problem-based learning approach aims to help students build
collaborative and problem-solving skills; however, this approach must also include education on
STEM careers so that students are equipped with the knowledge of how to use these skills in the
future (Blotnicky et al., 2018).
Teacher Views of STEM Education
STEM is an acronym for science, technology, engineering, and math (Kloser et al.,
2018). STEM education originally meant the study of the literal subjects of Science, Technology,
Engineering, and Math and how they work together to solve real-world problems (Suprapto &
Ku, 2019). However, industry is finding that students today who enter STEM careers may be
knowledgeable about the field content but are not necessarily equipped with the STEM skills
such as collaboration, analyzing, and the ability to utilize knowledge from a variety of subjects to
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solve problems (Odell et al., 2019). As a result, education policy makers have pushed to
transition the focus of STEM education to move away from segmented content areas, and
promote an integrated subject approach, with an emphasis on STEM skills (Gunn, 2020).
According to the Sanders (2009), there is sufficient evidence that it is essential that students have
an integrated education with many subjects to understand the value of their studies and make
more meaningful connections to real-world situations. However, recent studies have shown there
are varying interpretations among teachers of how subjects within STEM disciplines relate to
one another making it difficult for teachers to integrate the STEM subjects across the curriculum
(Faikhamta, 2020).
Kloser et al. (2018) conducted a study to explore how middle school teachers viewed
STEM education and interconnectedness. Data was collected from 64 middle school teachers
who specialized in a variety of subjects and were participants in a 3-year STEM fellowship
program (Kloser et al., 2018). The study used interviews as one of its methods to explore
teachers’ understanding of what STEM means, how the subjects connect, and how teachers
implement STEM in the classroom (Kloser et al., 2018). The study found that views of STEM
and STEM education varied greatly across teachers in the United States and suggested that an
operational definition of STEM is necessary to improve STEM education in the U.S. (Kloser et
al., 2018).
Margot and Kettler’s (2019) conducted a study that examined literature regarding teacher
perceptions of STEM education in the United States and summarized the findings. Margot and
Kettler (2019) examined 29 peer-reviewed studies regarding K-12 teacher perceptions of STEM
education. The findings showed that teachers viewed STEM integration across the curriculum as
beneficial to students; however, they also believed that there are many barriers and limitations to
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implementing the integration (Margot & Kettler, 2019). Secondary teachers in the studies
described that one of these barriers would be a lack of communication between content teachers
when trying to integrate STEM (Margot & Kettler, 2019). Teachers believed that it could be
possible between two content teachers, but integrating STEM with more than one other content
or teacher would be difficult (Margot & Kettler, 2019). Another barrier teachers expressed was
that the focus on integrating STEM would be difficult due to scheduling, and it may impact their
ability to focus on content standards (Margot & Kettler, 2019). Overall, the studies reviewed by
Margot and Kettler (2019) found that the more teachers understood what STEM education was
and how to integrate it within their lesson, the more comfortable they were using it across the
curriculum.
Ryu et al. (2019) conducted a study where pre-service teachers were enrolled in a course
that taught them how to integrate STEM education and then interviewed the pre-service teachers
on their experiences. The study aimed to identify strategies and challenges pre-service teachers
encountered while integrating STEM into their lesson plans (Ryu et al., 2019). The study found
that many of the participants planned lessons around the core content the teachers taught and
then added other content based on their comfort level and experience in the different subjects
(Ryu et al., 2019). The study also found that while pre-service teachers saw the benefit of the
integrated STEM approach, many lost the motivation to continue to integrate other content and
practice a project-based learning lesson because it was too time consuming (Ryu et al., 2019).
English (2016) explained that researchers and curriculum developers have identified that
there are varying interpretations among teachers of what STEM education is and how to teach it.
Kloser et al. (2018) found that one reason why there is variation on what STEM education is and
how to practice it may be due to the lack of an operational definition of what STEM education is.
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The varying interpretations could also be due the lack of knowledge on how to integrate STEM
subjects into other core content subjects (Margot & Kettler, 2019). Teachers who do understand
STEM education and attempt to integrate it into their lessons often lose motivation due to the
lack of support and time and pressure to focus on core content (Margot & Kettler, 2019; Ryu et
al., 2019).
Conclusion
There are varying interpretations to what STEM education is among teachers in the
United States which could attribute to the lack of STEM literacy and STEM skills among
students (Kloser et al., 2018; Margot & Kettler, 2019). There are strategies that educators often
use to incorporate STEM education such as a silo or embedded approach, however, studies have
shown that an integration approach to STEM education is best (Blotnicky et al., 2018). Studies
around the United States have concluded that teachers view and practice STEM education
differently based on their knowledge of STEM (Margot & Kettler, 2019). Many teachers
acknowledge that STEM is important to their future, but they do not fully understand what
STEM is, why it is being taught, and how to teach it effectively across the curriculum (Margot &
Kettler, 2019). This case study explored how core subject teachers outside STEM/CTE education
in one middle school in the mid-Atlantic region of the United States view, understand, and
integrate STEM education and skills into their curriculum.
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CHAPTER 3: METHODOLOGY
The focus of this chapter will be to describe the methodology the study used to explore
how core subject teachers outside STEM/CTE education in one middle school in the midAtlantic region of the United States view, understand, and integrate STEM education and skills
into their curriculum. The chapter describes the purpose of the study, the main research
questions, and the research design chosen to answer the questions. The chapter also describes the
study site, participants, and sampling method for the participants. Chapter 3 also outlines the
instrumentation and data collection processes, data analysis, and possible limitations to the study.
Lastly, chapter 3 addresses trustworthiness and ethical considerations associated with the study.
Purpose of the Proposed Study
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum.
Currently, there is limited research on how core teachers outside STEM/CTE departments in the
United States integrate STEM education. There is a push for a more integrated approach to
STEM education by state and federal institutions, but there is confusion among educators on how
to accomplish this (Stehle & Peters-Burton, 2019). This study allowed the researcher to identify
how middle school core subject teachers currently view, understand, and integrate STEM
education into their lessons.
Research Questions and Design
Kelley and Knowles’ (2016) used Brown et al.’s (1989) situated cognition/learning
theory as the foundation for their conceptual framework. Kelley and Knowles (2016)
summarized Brown et al.’s (1989) situated cognition/learning theory by explaining that the
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application of knowledge and skills is just as important as understanding them. Using Kelley and
Knowles (2016) community of practice framework with Honey et al.’s (2014) integrated STEM
framework, this study used a combination of surveys and semi-structured interviews to answer
the following research questions regarding how teachers use techniques and practices associated
with situated cognition/learning theory in their classroom for STEM education integration.
1. How do middle school core subject teachers outside STEM/CTE view STEM
education interconnectedness with core content?
2. What knowledge do middle school core subject teachers outside of STEM/CTE
have in STEM education?
3. What STEM practices, if any, do core subject teachers outside of STEM/CTE
integrate into their curriculum to promote STEM skills?
Research Design
The research design adopted for this study was a qualitative case study approach. The
qualitative research design approach was chosen for this study because qualitative research is
used to develop an understanding of perspectives from study participants about a specific activity
(Bloomberg & Volpe, 2019). The qualitative case study approach provided the opportunity for
the researcher to delve into what the core subject teachers at the middle school know and
understand about STEM education. The case study allowed the researcher to identify how and if
core subject teachers use STEM teaching methods throughout their curriculum based on the best
practices discussed in the literature review.
The understanding and teaching methods used by middle school core subject teachers
outside STEM/CTE in STEM education was explored through the qualitative approach by
conducting a single-site case study. The case study method allowed the researcher to develop an
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in-depth understanding of how core subject teachers outside STEM/CTE education in a middle
school view, understand, and integrate STEM education and skills into their curriculum
(Merriam & Tisdell, 2016).
Site Information & Population
The site where the researcher received formal approval from the school district
(Appendix A) and individual school (Appendix B) to conduct the study was one middle school in
the mid-Atlantic region of the United States. The middle school is home to 800+ students who
speak over 40 different language dialects, making it one of the most diverse student bodies in the
region as identified in the school division’s Strategic Plan (2017). The state Department of
Education (DOE) (2021) collects statistical data each year about school division populations and
reported that in 2020 about 60% of the student population in the school district where the study
will take place was identified as economically disadvantaged. Economically disadvantaged
students are members of a household that meet the income eligibility requirements for free or
reduced-price school meals according to the state DOE school quality profile. The school
division’s strategic plan illustrates goals for the school division including equitable learning
opportunities for all students regardless of economic status. One objective the school division
proposed to meet this goal was to provide all students with an opportunity to enroll in
STEM/CTE sources and develop career/college ready skills.
The district houses one high school, one middle school, and two elementary schools. All
four schools at the time of the study offer STEM education courses separate from core classes to
provide opportunities to develop skills associated with future careers. The middle school where
the study took place offered two STEM courses to students enrolled in 6th-8th grade that practice
project/problem-based learning described by Nadelson and Seifert (2017) with a focus on
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science, technology, engineering, and math. The STEM courses at the middle school are
considered optional elective courses that the students can choose from and are not directly tied to
any core subject curriculum. To protect the identity of the study participants, the site will not be
published and therefore throughout this study will be referred to as the Middle School (MS, or
simply the school).
The population for this study was among the 80+ middle school teachers currently
teaching at the school. The population consisted of male and female teachers from many
different regions around the United States who have been recruited and relocated to the state
where the school is located. The teachers had varying years of experiences, many of whom are
within their first 5 years. The study focused on data collected from core subject (or general
education) teachers who teach Language Arts, Mathematics, Social Studies, or Science in grades
6th-8th, and are not part of the STEM/CTE department.
State Support for STEM
The state Department of Education (2021) where the study took place described the
state’s view of STEM literacy and actions to implement STEM skills on their website. The state
Department of Education’s STEM page (2021) described STEM education as “an
interdisciplinary and applied approach where all disciplines are connected in complex
relationships” (para 1) to promote problem solving, collaboration, and innovation. STEM literacy
refers to the ability to identify and apply STEM concepts in everyday life. To promote STEM
literacy across the state, the state Department of Education (2021) aligned STEM education with
its profile of the state graduate. The profile outlines knowledge, skills, experiences, and attributes
that students must attain to be successful in college and/or the rapidly changing workforce, as
well as be knowledgeable and informed citizens (Department of Education, 2021).
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Sampling Method
The participants for this case study were selected using a purposeful homogeneous
sampling approach. A purposeful homogeneous sampling approach allows the researcher to
recruit volunteers who hold the similar characteristics and/or traits (Creswell & Guetterman,
2016). The characteristics for the study participants were that they were middle school teachers
who teach one of the four core subjects in grades six-eight, and meet the screening criteria in the
study invitation (Appendix C). The screening criteria asked the participants if they selfreport/believe that they have a basic understanding of STEM education and use STEM teaching
practices in their lessons to promote STEM skills. Participants who met the screening criteria,
wee then prompted to click the link to the survey to participate in the study. The first questions in
the survey confirmed what the participants self-reported.
Teachers at the middle school were sent an invitation via their school email to participate
in the study. The invitation briefly described the study and listed the screening criteria to
participate in the study. Participants who believed they met the screening criteria and wished to
take part in the study were then directed to click on the link provided to complete the consent
form (Appendix D) and then the survey. If participants wished to volunteer for the interview
portion of the study, an option was made available at the end of the survey to proceed and enter
contact information and content area they teach. Once the surveys are completed, the researcher
contacted the volunteers who opted for the interview portion to schedule interviews. The
researcher identified one to two teachers from each of the content areas (Language Arts,
Mathematics, Social Studies, and Science) to interview for the study.
Instrumentation & Data Collection
The qualitative case study was conducted through Likert surveys and semi-structured
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interviews to ensure the subject is thoroughly explored (Baxter & Jack, 2008). Fink (2015)
described surveys as a method for collecting information to describe, compare, or explain
knowledge, feelings, values, preferences, and behavior. Merriam and Tisdell (2016) explained
semi-structured interviews as interviews that allow the researcher/interviewer to have a mixture
of highly structured and less structured questions. The combination of highly structured and less
structured interview questions allows for more flexibility in the interview process (Merriam &
Tisdell, 2016). Semi-structured interviews will provide the researcher the ability to gather the
information that is desired while also being able to respond naturally to the evolution of the
interview (Merriam & Tisdell, 2016).
The use of multiple methods is vital to the validity of the study (Bloomberg & Volpe,
2019). Multiple methods suggested by Bloomberg and Volpe (2019) provided corroborative
evidence of how core subject teachers outside STEM/CTE education in a middle school view,
understand, and integrate STEM education and skills into their curriculum The questions on the
survey and in the interview, were developed with the three research questions as their
foundations. Each research question was addressed with multiple probing questions using the
research supported in the literature review.
Field Test
The researcher conducted a small field test prior to conducting the actual study to ensure
that the survey and interview methods met the needs of the study (Bloomberg & Volpe, 2019).
The researcher invited teachers who are part of the elective team at the middle school where the
study took place to volunteer for the field test via their school email. The invitation briefly
described the study and listed criteria that would qualify them for the field test. Field test
volunteers had to meet the same criteria as study volunteers with one modification. Rather than
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currently teaching a core subject, field test volunteers only needed to have experience teaching
core subjects in the past.
Participants in the field test completed the consent form and survey just as the study
participants did. At the end of the survey, field test participants were given the option to
participate in the interview portion of the field test. Volunteers who wished to participate in the
interview portion of the field test were directed to a survey to enter contact information and the
core subject in which they have experience teaching. The researcher then selected three
volunteers with different core subject teaching experience (if available) to conduct the field test
interviews. Once the field test was completed, the researcher reviewed the efficiency of the field
test to make any necessary modifications to the methodology to ensure efficiency and then
proceeded with the actual study.
Surveys
The researcher invited teachers at the study site via school email to participate in the
study via REDCap. REDCap stands for Research Electronic Data Capture, and is used by many
institutions for secure web-based databases and surveys (Harris et al., 2019). The invitation
briefly described the study and listed the screening criteria to participate in the study.
Participants who believed that they met the screening criteria and wished to take part in the study
were then directed to click on the link provided to complete the consent form and then the
survey. The screening criteria questions asked the participant if they currently teach a core
subject outside STEM/CTE, self-report that they have a basic understanding of what STEM
education is, and self-report/believe that they integrate lessons that promote STEM skills such as
collaboration, problem-solving, and creativity. Participants who believed they met the screening
criteria and wished to take part in the study were then directed to click on the link provided to
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complete the consent form and then the survey.
The survey (Appendix E) provided participants with the consent form on the front page.
The online consent form is the University of New England’s IRB consent form for adults and
included a description of the study and data collection processes. On this page, volunteers were
also informed that they can choose to participate in the survey portion of the study and will be
offered the option to participate in the voluntary follow-up interview at the end of the survey.
The survey portion of the study was anonymous, while the interview portion was not
anonymous but remained confidential. The consent form informed the volunteers that if they
wish to participate in the interview portion, their data would be kept confidential, and their
identity will not be disclosed. At the bottom of the consent form, participants were asked if they
would like to move forward with the survey portion of the study. Participants who selected no
were directed to end the survey. Participants who selected yes were directed to a page to confirm
their answer and check the box that the information is correct and submit which will count as
evidence of consent. Once the volunteer pressed submit, the participant was led to the survey
portion of the study to complete.
Semi-structured Interviews
Volunteers were given the option to check a box at the end of the survey portion of the
study to indicate if they would like to participate in the interview portion. Once the volunteer
checks that they wish to participate in the interview portion, the survey closed and a new survey
opened where the participant could enter their contact information and area they teach. The new
survey reiterated that their survey answers would remain anonymous, and their responses to the
interviews would not be anonymous but would still be kept confidential. Volunteers who
completed the interview contact survey were then scheduled for interviews that were conducted
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within 60-minute time frames.
The interviews were conducted via Zoom to provide safety and social distance between
the interviewee and researcher due to the COVID-19 pandemic. The researcher recorded the
Zoom interviews which were then sent out to be transcribed via REV.com. The interview
(Appendix F) began by identifying basic demographics about the volunteer such as degree focus
while in college, years of teaching experience, and years of service at the study site. The
demographic information collected allowed the researcher to organize data regarding experience
and education and how they may indicate patterns of STEM education integration practices. The
interviews then inquired about teacher knowledge with STEM education, where and when they
received their training, and how they used it in the classroom throughout their curriculum. These
questions were open-ended and provided flexibility within the interview for it to flow naturally
while still maintaining structure so that the data needed was properly collected.
Data Analysis
Bloomberg and Volpe (2019) described data analysis as a process in which the researcher
collects the data, analyzes the data, and then interprets the data to try to understand what it
means. Analyzing data allows the researcher to identify recurring patterns or themes that
summarize the data (Bloomberg & Volpe, 2019). Saldana (2013) defined themes as “an extended
phrase or sentence that identifies what a unit of data is about and/or what it means” (p.175). The
survey and interview transcripts were categorized by teacher view, understanding, and teaching
practices of STEM education. Within each category, the researcher codes from the data, which
were words or phrases that summarized each section of information (Saldana, 2013). To assist
with identifying the codes within each document, the researcher used MAXQDA, which is a
qualitative data analysis software (VERBI Software, 2019).
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Likert surveys provided ordinal data which provided an overall experience of teachers
regarding STEM education. The data for each question was summarized by finding the mode (or
most common score), and then a bar chart was created illustrating the mode data of each question
(Bhandari, 2020). The mode data identified common views, understandings, and teaching
practices of middle school core teachers at the study site. The survey data findings aided in
establishing codes and themes that were utilized when analyzing the interviews.
Once the interviews were completed, the researcher had them fully transcribed within 48
hours using REV.com. Transcripts were sent to the corresponding participants for transcript
review so that any necessary changes could be reflected before the researcher begins coding. The
researcher completed two cycles of coding as suggested by Saldana (2013). The first round of
coding was conducted using in vivo. In vivo codes are developed using direct language of the
participants rather than interpreted summaries of the researcher (Saldana, 2013). The second
round of coding was conducted using pattern coding. Pattern coding allows the researcher to
identify emergent themes from the data by pulling together in vivo codes from the surveys and
interviews to produce a more meaningful analysis of both data sources (Saldana, 2013). Once the
second round of coding was completed, the researcher was able to develop the major themes.
Once the surveys and interviews were coded, the researcher sent the preliminary analysis
to the interviewees for member checking, also known as respondent validation (Merriam &
Tisdell, 2016). Member checking allowed the researcher to gain feedback from the study
participants regarding preliminary findings, and thus minimizing misinterpretations of what the
participants said during the interview (Merriam & Tisdell, 2016). After the data analysis was
completed, the researcher reported the findings in categories aligning with the research
questions. Each research question was answered using the data from the study. The survey
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findings were discussed and illustrated using bar graphs. The interviews were discussed and
illustrated using a table that summarized the themes.
Limitations of Research Design
A limitation to the research design is that the study was conducted among a small sample
size in a suburban district outside a large city in the mid-Atlantic region of the United States. The
smaller school and teacher population resulted in fewer responses. Additionally, the responses
may differ from educators in more rural areas of metropolitan area as they may not have a ccess
to the same resources and training more urban teachers do (Azano et al., 2020). To reduce the
bias of the smaller population, the study conducted surveys among a larger school population
and analyzed the data along with the interviews. Additional limitations to this method of
qualitative research are that the participants' perceptions of the interview questions could be
different than intended based on the individual's background and relationship with the
interviewer/researcher before the study was conducted. These limitations could impact the
themes coded in the transcripts; however, through member checking the researcher was able to
confirm the themes that were found and identify new themes that were not initially obvious (Birt
et al., 2016).
Trustworthiness
Research must be conducted to produce valid and reliable data as the findings will be
used by others within the field to help shape new practices (Merriam & Tisdell, 2016). To
produce valid and reliable data, researchers assess the four elements of credibility,
transferability, dependability, and confirmability of the research design (Merriam & Tisdell,
2016). Using the four elements of validity and reliability creates the standard for trustworthiness
that has been developed and accepted by the scientific community (Merriam & Tisdell, 2016).
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Credibility
Credibility in qualitative research refers to how closely the findings reflect reality
(Merriam & Tisdell, 2016). Merriam and Tisdell (2016) explained that “qualitative researchers
can never capture an objective reality” (p. 244) but can use strategies to increase credibility such
as triangulation. To reduce bias and confirm the data and themes found in the survey and
interview transcripts, the research used triangulation of multiple sources of data. Triangulation
refers to cross-checking the same data and comparing the findings at different times and/or
different places (Merriam & Tisdell, 2016). Triangulation took place by completing two rounds
of coding of multiple data sources (survey and interviews). The researcher followed up with the
participants with preliminary results and verified that the results were credible. The validation of
the results by the participants is key to the credibility of the study (Bloomberg & Volpe, 2019).
Transferability
Transferability in qualitative research refers to the ability of data from one study being
transferred or used in other studies, contexts, or settings (Merriam & Tisdell, 2016).
Transferability is important to any study, as researchers rely heavily on building off one another
(Bloomberg & Volpe, 2019). The decision to whether a study is transferable relies on the person
who wishes to apply the study finding to their own setting (Merriam & Tisdell, 2016). Merriam
and Tisdell (2016) suggested that one way to promote transferability in a study is by being as
descriptive as possible with the details of the study site, participants, and findings. The study was
as descriptive as possible about the study site and participants with the information available
without jeopardizing participant confidentiality. The data collected and the findings generated
described in detail and illustrated using graphs and tables.
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Another strategy suggested by Merriam and Tisdell (2016) to promote transferability is
through maximum variation. Maximum variation refers to selecting the study site and
participants purposefully to provide a wide range of diversity and common patterns across that
diversity (Merriam & Tisdell, 2016). The study used a small participant pool for the interviews;
however, a larger more diverse participant group completed the survey. Using multiple sources
of data and being as detailed as possible about the study site, participants, and findings aided in
the transferability of this study.
Dependability
Merriam and Tisdell (2016) explained that dependability (or reliability) in any research is
based on its ability to be replicated and/or repeated. Studies that are conducted multiple times
and produce varying results will be deemed unreliable and thus not a true indication of the
phenomenon (Trochim, 2020). However, researchers can acknowledge how certain aspects of the
study may change and explain how their research may be affected by this change, which will
then account for the varying results and maintain reliability (Trochim, 2020). In qualitative
research results may vary without discrediting the results of the original study (Merriam &
Tisdell, 2016). Dependability thus refers to whether the results are consistent with the data
collected, not if the results were the same (Merriam & Tisdell, 2016). The study used multiple
data sources to identify reoccurring patterns within the study by using surveys and interviews.
The researcher then conducted member checking to validate the findings from the participants.
The use of multiple data sources and validating findings by multiple participants demonstrated
that the findings are consistent with the data collected.
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Confirmability
Confirmability refers to the degree in which the results of a study are clearly derived
from the data and not a result of biased interpretations from the researcher (Bloomberg & Volpe,
2019). Trochim (2020) explained that there are different ways researchers can confirm results
and reduce the intrusion of their own perspectives. This study confirmed the results by
conducting two rounds of coding. The first round was in vivo meaning that the codes are
developed using direct language of the participants rather than interpreted summaries of the
researcher (Saldana, 2013). The second round of coding conducted using pattern coding. Pattern
coding allows the researcher to identify emergent themes from the data by pulling together in
vivo codes from the surveys and interviews to produce a more meaningful analysis of both data
sources (Saldana, 2013). The researcher also conducted member checking among the participates
to validate the major themes identified in the surveys and interviews. These actions helped to
validate the data collected and findings by reducing any bias that the researcher unintentionally
may have formed while conducting the data analysis.
Participant Rights/Ethical Concerns
The National Research Act was signed into law in 1974, which created the National
Commission for the Protection of Human Subjects of Biomedical and Behavior Research (The
National Commission for the Protection of Human Subjects of Biomedical and Behavioral
Research [National Commission], 1979). The National Commission (1979) was tasked with
identifying basic ethical principles for research conducted with human subjects which became
known as the Belmont Report. The ethical principles that the National Commission (1979)
established were respect for persons, beneficence, and justice.
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The first ethical principle refers to respect for persons. Respect for persons requires that
the researcher acknowledge autonomy and protect those with diminished autonomy (National
Commission, 1979). To address this ethical principle, the participants in this study were adults
who were employed and teach at the study site and participate only by means of volunteering.
The proposed study will use purposeful selection of participants who are capable of practicing
autonomy.
The second ethical principle refers to beneficence. Beneficence is when study participants
are treated with respect, are protected from harm, and efforts are made to secure their wellbeing
(National Commission, 1979). To address this ethical concern, the researcher had all participants
who wished to participate in the study review the consent form at the beginning of the survey
and provide consent. The online consent form is the University of New England’s IRB consent
form for adults, and by checking a box at the bottom of the online consent form the action
counted as evidence of a consent. The consent form detailed that no information regarding their
specific school or individual names would be released in the study. The consent form included a
description of the study and data collection processes. The consent form informed the volunteers
that if they wished to participate in the survey their responses would be anonymous. The consent
form also explained that if the participant volunteers for the interview portion of the study, their
data from the survey would remain anonymous, but the answers from the interview would not.
The interview data was kept confidential, and their identity was not disclosed. The consent form
also explained that participants can withdraw from the study at any time without repercussions.
The third ethical principle is justice. Justice refers to who will bear the burden or benefit
of the research and research findings (National Commission,1979). The participants’ identity and
employment location will not be disclosed, therefore there will be limited burden on the
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participants minus time to conduct the interviews and complete the member checking process.
Although there were not any direct benefits to participating in the study, the findings from the
study may be used to help inform best practices which the participants/teachers will be able to
implement into their classrooms.
Perceived conflicts of interest may be coercion due in part that the researcher was once a
student of the school district where the study took place; therefore, the teachers at the study site
may feel pressure to support the researcher in the study. To address this conflict, the researcher
only conducted the study in the middle school where the researcher did not attend. Conducting
the study there allowed the researcher to invite teachers who have no former student/teacher
relationships with the researcher.
Conclusion
The qualitative case study was conducted using surveys and semi-structured interviews to
explore how core subject teachers outside STEM/CTE education in a middle school view,
understand, and integrate STEM education and skills into their curriculum. The research design
and instrumentation methods have been analyzed to provide trustworthiness with minimal
limitations. The participants were adult volunteers who taught a core subjects at the study site.
The surveys were sent to volunteers using REDCap which included the consent form.
Participants were able to volunteer for the interview portion of the study at the end of the survey.
Once the interviews were transcribed, the transcripts were sent to the study participants for
member checking. After member checking, the researcher analyzed the surveys and interviews
using two rounds of coding. Once the data was analyzed, the researcher compared the findings of
the surveys with the interviews and began to understand and interpret the data in the study which
is be presented in Chapter 4.

39
CHAPTER 4: RESULTS
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum. The
research design used for the study was a qualitative case study approach. The qualitative research
design approach was used in this study to develop an understanding of perspectives from study
participants about a specific activity (Bloomberg & Volpe, 2019) such as integrating STEM
education into various curriculum content areas. The qualitative case study approach provided
the opportunity for the researcher to investigate what the core subject teachers at the middle
school know and understand about STEM education. The case study also allowed the researcher
to identify how and if core subject teachers use STEM teaching methods throughout their
curriculum based on the best practices discussed in the literature review.
Analysis Method
The present study used a combination of surveys and semi-structured interviews to
answer the following research questions regarding how teachers use techniques and practices
associated with situated cognition/learning theory in their classroom for STEM education
integration (Brown et al., 1989). The research questions were:
1. How do middle school core subject teachers outside STEM/CTE view STEM
education interconnectedness with core content?
2. What knowledge do middle school core subject teachers outside of STEM/CTE
have in STEM education?
3. What STEM practices, if any, do core subject teachers outside of STEM/CTE
integrate into their curriculum to promote STEM skills?
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Situated cognition/learning is the theory that knowledge is embedded in situations or
activities that allow students to learn content and apply it through experience (Brown et al.,
1989). The research questions were used to guide three different categories for the survey and
interview questions in order to investigate how teachers at the study site used situated
cognition/learning in their classrooms through STEM education (Brown et al., 1989). The
questions focused on delving deeper into what teachers’ views of STEM education were, their
understanding of STEM education, and how they integrate STEM education within their lessons
and content areas.
Participants
The data collected for this study was collected at the study site over the course of three
months (August 2021- October 2021) using REDCap. REDCap, which stands for Research
Electronic Data Capture, is used by many institutions for secure web-based databases and
surveys (Harris et al., 2019). The field test was completed in August-September 2021 among
elective teachers with previous experience teaching a core subject (Language Arts, Social
Studies, Math, or Science) and who believed that they use STEM concepts and strategies in their
lessons. The field test consisted of three surveys and one interview with a teacher with
experience teaching Language Arts.
Data collected for the study was conducted mid-September through late October 2021.
The study site consisted of more than 80 teachers and staff (according to the school’s website,
2021), and 35 of those individuals qualified for the study. The researcher collected a total of 25
surveys and seven interviews from the 35 teachers who qualified for the study. The surveys
represented the different subjects almost equally, as shown in Figure 2. The surveys represented
all grade levels at the study site and consisted of five Social Studies teacher, seven Language

41
Arts teachers, seven Mathematics teachers, and six Science teachers. The participants for
interviews represented all subject fields with the majority representing social studies and science
content areas as shown in Figure 3. Teaching experience among the teachers ranged from less
than one year of experience to more than five years of experience, with most of the study
participants falling into the one to five years of experience range as shown in Figure 4. The
figures below illustrate the data collected starting with Figure 2 which focuses on the different
subject representation in the survey.
Figure 2
Survey Subject Representation

Figure 2 illustrates the different subjects’ participants teach who completed the survey.
Language Arts and Mathematics each made up 28% of the survey results. Science teachers made
up 24%, and Social Studies teachers made up 20%. Each subject was sufficiently represented by
volunteers in the survey data collected.
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Figure 3
Interview Subject Representation

Figure 3 illustrates the different subjects’ participants teach who completed the interview.
Language Arts, Mathematics, and Science each made up 16.7% of the interview results. Social
Studies teachers made up 50% of the interview teacher representation.
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Figure 4
Years of Experience Teaching Among Participants

Figure 4 illustrates the years of teaching experience represented in the study. Teachers
who had less than one-year experience teaching made up 16% of the data. Teachers who had
more than five years of experience teaching made up 24% of the date. Lastly, teachers with onefive years of teaching experience made up the majority of the data collected with 60%
representation.
Presentation of Results
The qualitative case study was conducted through Likert surveys and individual semistructured interviews to ensure the subject was thoroughly explored (Baxter & Jack, 2008). The
use of multiple methods provided supportive evidence of how core subject teachers outside
STEM/CTE education in a middle school view, understand, and integrate STEM education and
skills into their curriculum (Bloomberg & Volpe, 2019). Multiple methods also support the
validity of the study (Bloomberg & Volpe, 2019).
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Survey
The survey was used to identify common views, understandings, and teaching practices
of STEM education among middle school core teachers at the study site. The survey was
structured in a Likert format to provide data representing an overall experience of teachers
regarding STEM education. The survey included three sections of questions that focused on
teacher views, understandings, and teaching practices. Each section was composed of seven to
eight questions that the participant could answer in five different responses. The responses
ranged from strongly agree to strongly disagree. The data for each question is summarized using
a bar chart. The researcher then identified the mode (most common response) to identify key
themes (Bhandari, 2020). Each set of survey questions was divided into categories that aligned
with the research questions regarding how teachers view, understand, and integrate STEM
education into their content areas. The below figures illustrate the results of each category in the
survey.
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Figure 5
Views of STEM Education

Figure 5 illustrates teachers’ views of STEM education. The data showed that most
teachers agreed that STEM education supports the learning of their content areas and helps
students develop necessary skills needed to be successful in the future workforce. However,
teachers did not think they had the skills or training to successfully integrate STEM into their
curriculum.
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Figure 6
Understanding STEM Education

Figure 6 illustrates teachers’ understanding of STEM education. The data showed that
most teachers strongly agreed that they understood STEM education as not simply the study of
science, technology, engineering, and mathematic content areas. When asked where teachers
developed their understanding, the survey data showed that teachers did not gain their knowledge
of STEM in K-12 or in professional development opportunities, and only a small amount stated
that they learned about STEM education in college.
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Figure 7
Integrating STEM Education

Figure 7 illustrates teacher integration of STEM education. The data showed that teachers
understood that integrating STEM education can be done through problem-solving activities
such as problem-based or project-based learning (Nadelson & Seifert, 2017). The data also
showed that most teachers promoted important STEM skills such as
collaboration/communication, creativity/innovation, and accountability/leadership (van Laar et
al., 2020). However, teachers seemed to struggle to integrate these skills and practices across
other content areas.
Semi-Structured Interviews
The interviews were conducted mostly via Zoom to provide safety and social distance
between the interviewee and researcher due to the COVID-19 pandemic. A few interviewees
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insisted on in-person interviews due to technology issues. The researcher recorded the interviews
via Zoom or voice recorder if Zoom was not being used due to in-person interviews. Once the
interviews were completed, the recordings were submitted and transcribed via REV.com. The
interviews helped the researcher delve deeper into the survey questions to discover more details
about teacher knowledge with STEM education, where and when they received their training,
and how they used STEM education in their classroom throughout their curriculum.
Summary of Each Interview
The summaries of each interview below describe basic demographic information about
each participant without divulging identifying indicators. Each interview is labeled by a random
number to remove any form of identification. The interview questions were organized to
investigate how teachers viewed, understood, and integrated STEM education within their
content areas. The summaries below break down how each of the participants responded to
questions within those three categories.
Interview 1
The participant in Interview 1 was asked what they thought STEM education was and
they described it as the study of the science, technology, engineering, and math, but with an
emphasis on 21st century skills and critical thinking. The participant continued to describe how
STEM education is also used to help connect different subjects and see how different subjects
can apply and support each other. The participant explained that they had developed this
understanding in college as a student teacher at a STEM focused elementary school. While
student teaching the participant also developed their understanding of STEM integration as the
application of 21st century skills into content specific classes.
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As a teacher at the study site the participant described the difficulty of incorporating
STEM education into their content areas. They explained different ways that they could integrate
STEM education into their lessons, however, they “just get so bogged down into the standards”
and that it was difficult to get creative and collaborate with other teachers and subject areas.
However, the participant tried to incorporate many STEM integration methods within their
content areas by using problem and project-based learning opportunities when able to promote
21st century skills and STEM skills.
The participant explained that the challenges teachers seem to have with integrating
STEM education “is the demand of testing and the standards that [they] have to hit.” Other
challenges the participant noted were lack of time for projects, the lack of time to collaborate
with other teachers/content areas, and allowing students time to complete and receive the
benefits of the projects. The participant also noted the lack of time to help teachers gain more
experience and knowledge in STEM education and integration and stated that they wished there
was “intentional professional development” at the beginning of the school year.
Interview 2
The participant in Interview 2 shared their definition of STEM education as the study of science,
technology, engineering, and math while incorporating the 5 C’s. The 5 C’s are communication,
collaboration, critical thinking, creativity, and citizenship which also align with 21st century
skills (Department of Education, 2021). When asked where the participant developed their
understanding of STEM education, they stated mostly from professional relationships with
STEM teachers at the workplace. The participants had not received any formal training in STEM
in college or in any professional development.
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The participant in Interview 2 described that they thought the term STEM integration
means incorporating the 5 C’s described by the Department of Education (2021) into different
content areas. The participant stated that they had not heard the term “STEM integration” before
this interview and made up their own definition in the moment. The participant explained that
they believed that they used STEM integration as an elective teacher in their Journalism and
Marketing classes through project-based learning. However, the participant stated that it seemed
to be a bit more difficult to integrate STEM into the Language Arts curriculum. The participant
stated that they try to promote STEM skills in Language Arts through group work activities and
critical thinking. To help promote these skills, the participant said that they used mostly
technology such as Canvas, Google Classroom, and online based educational games to help
students develop different skills associated with STEM.
In terms of collaborating with other teachers and/or content areas to solve a problem with
students, the participant stated that it is very “singular” in terms of collaboration, meaning that
teachers within the same grade and/or subject might collaborate a little but hardly ever with other
content areas. The participant then explained that they were in the process of trying to break that
singularity and work with other content areas. They have tried to collaborate with them in terms
of period they are teaching and then find literature within that same period to help support
learning of both content areas. When asked what may be some challenges for collaborating with
other content areas and integrating more STEM opportunities with Language Arts, they stated
“because there is such a push to make sure that you're teaching to the test.” The participant
explained that teachers feel a lot of pressure to teach what must be taught in an efficient way and
then move on rather than experimenting and allowing students to explore and learn in different
scenarios.
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Interview 3
The participant in Interview 3 described STEM education as an opportunity for students
to experiment with a lot of hands-on exploring such as “Tinker Toys”. The participant developed
this understanding by observing STEM classrooms as a student in college. The participant
described that they were assigned to student teach in a school where there was a STEM
classroom but no STEM teacher. The STEM classroom was where teachers from the entire
school would bring their students and complete STEM activities.
STEM integration was not something the participant in Interview 3 had any experience
with. They stated that they had “never heard it before” the current interview and did not think
that they integrated STEM into their lessons outside of teaching math and the occasional use of
technology to support lessons. In terms of promoting STEM skills, the participant explained that
they used stations and manipulatives, but they struggled to integrate skills such as leadership,
creativity, and real-world problem solving.
Collaborating with other teachers and/or content areas was not a practice that the
participant in Interview 3 had ever done. When asked why that might be, they stated that they
“just don't know enough about it to feel confident enough to actually put more of that into [their]
lessons.” Regarding challenges teachers may have integrating STEM education, the participant
explained that they think it has a lot to do with the lack of education for teachers about the
subject. They thought that many teachers are not exposed to STEM enough (if at all) in college
or in professional development to be able to feel confident in integrating STEM education into
different subjects.
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Interview 4
The participant in Interview 4 stated that engineering was the first thing that came to
mind when thinking about what STEM education was about. They explained STEM is also the
ability to “be able to think critically, adapt to new problems and problem solve very quickly.”
The participant developed this understanding through their own experience and acquaintances
who were in the STEM field. The participant stated that they had not had experience STEM
firsthand as a student in K-12 or as a college student or had they had any professional
development regarding STEM education.
STEM integration was an unknown concept to the participant. Like many other
participants in the study, they developed their own idea of what STEM integration wa s during
the interview. When they heard the term “STEM integration” they explained that they thought it
meant incorporating skills such as critical thinking, problem solving, and adapting into other
classes such as core subject classes outside of STEM. The participant described how they used
STEM integration in in their content area by incorporating games where there is a lot of problem
solving. The participant said:
I do a lot of gamification [sic] of activities. Where they have to figure out the rules of the
game as they are playing the game. And I don't explicitly tell them what happens. I say,
"Here's what you need to do. Here's the end goal." And that's it. And they figure it out.
So, they have to do those problem-solving skills. We don't get to build things and things
like that, engineering wise. But I think that's a lot of critical thinking and adapting to new
things happening.
Using the games to help support the content is also how the participant promotes STEM
skills such as collaborating within each lesson. The participant described collaborating with not
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only other social studies teachers, but science teachers and math teachers as well. They explained
that they shared templates to have consistency for the students and borrowed different lesson
pieces such as math in economic lessons to help students apply math concepts to real-world
problems. While the participant had worked hard to collaborate with other teachers regarding
consistency, they had not created lessons that build off of each other to solve a single problem. In
addition, the participant explained that it can difficult to have student’s complete projects in the
allotted time frame and incorporate differentiation where needed.
Interview 5
The Participant in Interview 5 described STEM education as “the application of different
concepts and then putting it into a real-world scenario” rather than being focused solely on
individual STEM subjects. They explained that when one thinks about STEM in terms of
applying different concepts and not using a siloed approach, there is more of an opportunity to
apply STEM across the curriculum and in different subject areas. When asked where they
developed this understanding of STEM education, they explained that it was a combination of
family influence and educational experiences. The participant not only had experience as a
middle school student learning STEM, but also in college and in different professional
development opportunities at different schools. They did mention that although they interpreted
some of the professional development as STEM training, the trainings were not labeled as such
and focused mainly on how to integrate technology into the content area.
The participant in Interview 5 described STEM integration as the use of technology to
help support the learning of the content area and using “a lot of analyzing the past and seeing
different opportunities for innovation and technology application.” The participant explained that
they did not think they use one specific STEM subject more than others because that would
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assume “that STEM is a siloed subject area instead of a comprehensive thought process.” With
that in mind the participant would often use the scientific method to help hypothesize and
analyze data and make predictions about the future using different technology sources. They also
tied in reading, writing, and math frequently to help students have a well-rounded approach to
the content being taught and see how it can be applied in different subjects. To promote different
STEM skills, the participant utilized grouped and paired work for different projects so that they
were given different perspectives when completing an assignment or project.
The participant in Interview 5 explained that it was very difficult to collaborate with other
content areas and was never given the opportunity to go that route. They stated that one of the
main challenges preventing teachers from collaborating is the siloed approach of standards
within each content area. The participant explained that when teachers try to cover content that
could support another class the timing of the lesson may not always align at the same time with
what the students are learning it in the other content area.
Interview 6
The participant in Interview 6 explained their interpretation of STEM as not just the study
of science, technology, engineering, and math, but the integration of those subjects along with
STEM skills such as the 5 Cs (Department of Education, 2021) into the daily life of students and
allowing them to practice applying them in the real-world. The participant explained that they
developed this understanding of STEM education while attending a private college that provided
a STEM certification for graduate teaching students. The participant stated that even though they
had heard of STEM in their professional experience, they had not really understood the concept
and how to teach it until they attended the graduate teaching program.
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STEM integration to the participant in Interview 6 meant “integrating STEM into
everyday life, showing and providing opportunities to understand that STEM is everything,
STEM is everywhere, life is STEM.” The participant stated that STEM integration is a way for
students to “sharpen and heighten” the understanding and awareness of how all subjects can and
are connected. The participant explained that they developed this understanding through
professional experience and in graduate school. They stated that as a professional they saw how
everything was connected and not siloed like it was in school. Graduate school STEM training
helped the participant use their experience in the real world and apply it to teaching with the use
of STEM education. To integrate STEM and STEM skills/concepts into science and language
arts curriculum, the participant explained that they tend to pick a theme and apply it to both
content areas. The participant used all of the STEM subjects throughout their lessons and
promote collaboration and communication in different ways that align with the content areas.
The participant explained that by integrating similar approaches in different content areas
students are able to start seeing the connections not only between the skills being utilized but the
content areas themselves. This connection helps students see the bigger picture and apply it to
the real-world.
The participant in Interview 6 shared that it is harder to collaborate in middle school than
in elementary school. The participant explained that as an elementary teacher they were used to
having themes and teaching across the curriculum. However, the participant also explained that
middle school is much more siloed and separate making it harder to collaborate. The participant
stated that they have been trying to slowly push for a course that combines social studies and
science contents and that while the administration is eager to provide support for a pilot class, it
may be difficult to get the necessary teachers on board due to very siloed culture of the school.
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Another challenge the participant addressed for integrating STEM education across the
curriculum is that there seems to be a lack of education about STEM among teachers. The
participant believed that teachers need to be reeducated in what STEM is and isn’t and taught
how to use it in all content areas rather than in a siloed approach.
Interview 7
The participant in Interview 7’s perception of STEM education is that it is the
“interdisciplinary approach to problem-solving, where we're building critical thinking skills with
the students through those four subjects.” They explained that STEM education is about realworld problems and how to build different skills to help solve those real-world problems. The
development of this understanding was by personal education on STEM educations. The
participant stated that they did not use STEM in K-12 nor in college. Even as a science major as
an undergraduate and teaching in graduate school, the participant explained STEM was never a
focus.
STEM integration was assumed by the participant to be “making it more interdisciplinary
across subjects” and “using the skills with STEM in an interdisciplinary way. The participant
explained that they had not really ever heard the term “STEM integration” before and made up
their own definition during the interview. The participant described that they think they use
STEM in their classroom because they use a lot of science, math, and technology to complete
experiments. They also stated that the state has made a push to move away from just teaching the
scientific method and was beginning to incorporate the Engineering Design Process (Hynes,
2012 as well. To promote STEM skills the participant stated that it has been difficult due to
many students not already having a foundation of the skills available before they come to middle
school.
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Collaborating with other content areas is not something that happens often for the
participant in Interview 7, if at all. They stated that sometimes they will ask math and language
arts teachers for words or phrases that might come up so that they can understand the content and
make sure they remind students of what it is the same way that their other content teachers teach
it to create consistency. However, collaboration beyond that is very difficult due to time and state
standards. The participant stated that it is “hard for us to dedicate days to let's play and innovate
and engineer things without a set goal or a set solution in mind, just because of that
[standardized] test.” The participant went on to state that “the standardized tests really get in the
way of us having the ability to collaborate together in an interdisciplinary way,” which is key to
promoting STEM education and helping students build those necessary life skills.
Themes and Subthemes
The researcher discovered three themes and three subthemes after completing the coding
process. The first theme identified was that teachers view STEM Education as more than just the
study of science, technology, engineering, and mathematics. A subtheme identified was that
teacher promote STEM skills through lessons. The second theme discovered is that there is a
lack of training among teachers at the study site regarding STEM education. A subtheme of this
is that there is also a lack of knowledge about STEM integration. The third them found was that
teachers struggle to collaborate with other content areas to promote STEM education. A
subtheme to this is that the struggle is largely due to state standards putting pressure on teachers.
Table 1 illustrates the major themes and subtheme identified through the coding process.
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Table 1
Themes and subthemes
Themes

Subthemes

STEM Education is more than just the study
of science, technology, engineering,
and mathematics.

Promote STEM skills through lessons

Lack of training in STEM Education

Lack of knowledge of STEM integration

Struggle to collaborate across content areas

Standards

Theme 1: STEM Education is more than just the study of science, technology, engineering,
and mathematics.
One of the most consistent findings of the study was that many teachers understand what
STEM stands for (science, technology, engineering, and math), and that it helps students build
skills that are needed to be successful in the real world. One participant described STEM
education as an “…emphasis on 21st century skills in the classroom; [such as] critical thinking,
creating, collaboration.” This description aligned with another participant’s definition of STEM
whom stated that STEM is the use of the 5 C’s as described by the state’s Department of
Education (2021). The 5 C’s focuses on collaboration, communication, community/citizenship,
creativity, and critical thinking (Department of Education, 2021).
Other participants described STEM as not only the use of the 5 C’s, but also the
application of these skills to real-world scenarios. One participant described STEM education as:
STEM education is really applied, critical thinking in many different ways. A lot of times
you get hung up on what engineering looks like, or what science looks like, or what the
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math looks like. But a lot of STEM education is really taking the application of different
concepts and then putting it into a real-world scenario.
Another participant delved deeper into their description of STEM education. The
participant described STEM as not only using the 5 C’s, but also the how it is shifting a way of
thinking for future generations. The participant stated that:
Typically, we think of STEM as just science, technology, engineering, and math, and
kind of integrating those together. But really, it's more about taking those overarching
themes and kind of interjecting them within our daily lives and kind of moving our
society and our students and our new generation towards that way of life and thinking
overall. STEM education is kind of the [five] Cs: collaboration, creativity, the other ones.
They sort of integrate all of that into sort of a new age way of and framework of thinking.
A third participant described STEM education as an interdisciplinary way to help
students build critical thinking skills. They stated that “my perception of [STEM education] is an
interdisciplinary approach to problem-solving, where we're building critical thinking skills with
the students through those four subjects.” Participants described STEM education as more than
the study of the content that makes up the acronym. Participants described STEM as an approach
to teach students life skills. All participants explained that STEM is a means to help students
build skills such as collaboration, communication, critical thinking, be creative, and combine
subjects to solve problems.
Subtheme 1: Promote STEM Skills Through Lessons
The majority of the participants in the survey and interviews agreed that integrating some
sort of STEM education into their curriculum helps support the content that they teach. A few
focused mainly on the specific content in STEM that they integrate such as technology, but many
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described how they integrate the skills associated with STEM and apply them to their content
areas. The participant in Interview 2 described that they used STEM education by doing a lot of
exercises where they try to get students to relate to the content and then think critically about
how it impacts their daily lives. The participant in Interview 4 explained that they do a lot of
gamification [sic] in their lessons to support critical thinking skills. They described how they use
gamification [sic] as:
Where [students] have to figure out the rules of the game as they are playing the game.
And I don't explicitly tell them what happens. I say, "Here's what you need to do. Here's
the end goal." And that's it. And they figure it out. So, they have to do those problemsolving skills. We don't get to build things and things like that, engineering wise. But I
think that's a lot of critical thinking and adapting to new things happening.
The participant in Interview 6 explained that they incorporate STEM education into their
lessons by using the Engineering Design Process to help students find connections between the
different STEM subjects. The participant explained that STEM education is:
…working to integrate the other ideas of STEM into science instruction and seeing how it
sort of all connects and using [the] engineering design process. [The] engineering design
process is science. Using the technology is science and what the latest technology is
through the lens of science, developing [the] engineering design process and engineering
thoughts and how we work through problems.
A few key terms in these statements were “critical thinking” and “problem-solving.”
These terms align with the STEM skills that Care et al. (2017) describe as “tools that can be
universally applied to enhance ways of thinking, learning, working and living in the world”
(para. 1) and that STEM education tries to promote. While many teachers might not use all of the
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STEM subjects within their content areas, they were at least applying skills associated with
different content areas.
Theme 2: Lack of Training in STEM Education
The second major theme that the coding process identified was that there was a lack of
training among teachers when it came to STEM education in teacher preparation programs. Most
participants explained that they that did not receive any formal training in teacher preparation
programs regarding how to use STEM education in their content areas. Many of the participants
stated that they developed their understanding of STEM education through experience or
professional relationships with others who were STEM focused in their classrooms.
The participant in Interview 4 explained that they had never used STEM education as a
student themselves. They also explained that they were friends with a lot of people within STEM
careers while in college and that they may have developed their understanding of STEM through
those relationships. However, the participant did state that have not had any professional
development regarding STEM education.
The participant in Interview 7 explained that they had not had any formal training on
STEM education. They stated: “I've just accumulated it [STEM education] over time, potentially.
There wasn't really a focus in my graduate school program or in student teaching or anything like
that. I think just from the internet, reading things on the internet.”
Four of the seven participants interviewed explained that they gained their understanding
of STEM education by experience when they began working in education but did not have any
formal training. This data is consistent with what the survey illustrated. The survey data showed
that more than half of the participants did not learn about STEM education in college, graduate
school, or in professional development.

62
The remaining participants that were interviewed described that their understanding of
STEM education was formed at graduate teacher preparation programs or some sort of
professional development at their school of employment. The teacher preparation programs
focused on STEM education for teachers. The participant in Interview 1 explained that while
they were a student teacher they were placed at an elementary school that was STEM focused,
which helped them develop their understanding of what STEM education is and how to use it in
the classroom. Another participant explained that the institution where they earned their graduate
degree was very focused on STEM education and integration and helped shape their
understanding and application of STEM education across different content areas.
The participant in Interview 5 explained how they developed their understanding of
STEM education by taking “a lot of cross-curricular stuff, especially when it comes to
technology applications in geography,” and “And as a teacher, I've gotten STEM PD, although
many times the STEM training isn't actually labeled STEM training.”
The survey and interview data showed that most teachers did not develop their
understanding of STEM education in a teacher education program with the exception of a few
who attended institutions that offered STEM specific education for educators. Teachers who did
develop their understanding of STEM education and integration in an educational program can
define confidently what the terms mean and how they are used in the classroom. Teachers who
participated in professional development associated with STEM education also can confidently
define STEM integration and how to incorporate it into their content areas.
Subtheme 1: Lack of Knowledge of STEM Integration
The data from the survey and interviews indicated that many teachers did not believe that
they have the necessary knowledge to integrate STEM education into their content areas. The
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majority of teachers who participated in the survey selected that they agreed that more
professional development on how to integrate STEM education into their content areas was
necessary. The interviews delved more into teacher perceptions of STEM integration. Many of
the interviews revealed that the teachers did not know what STEM integration was and came up
with their own definitions. One participant described STEM integration as the integration of the
5 Cs (Department of Education, 2021) principles into other subjects outside of STEM. When the
participant was asked where they developed their understanding, the participant stated “honestly,
I haven't heard the term.” Many teachers that were interviewed stated that they never heard of
STEM integration. When the researcher asked one participant their definition of STEM
integration they stated, “I've never heard it before you asked me.” Another teacher stated that
they “just picked it up.” Other teachers assumed what STEM integration was based on the term
itself, stating that they “would assume, having not heard the term before, that integrating it is
making it more interdisciplinary across subjects.”
A participant who attended a STEM focused teacher education program went much more
in depth on the meaning of STEM integration. The participant stated that STEM integration is:
integrating STEM into everyday life, showing and providing opportunities to understand
that STEM is everything, STEM is everywhere, life is STEM. And sort of working
through and seeing how we can kind of just sharpen and heighten that understanding and
awareness and those connections that we're already, especially in the classroom, we're
already making. It's just showing students and showing and being aware of that
connection.
The participant in was confident in their definition of STEM integration, and explained in
detail how it impacts every-day life. Although many teachers mentioned that they have not heard
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the term “STEM integration” before, they all seemed to try to integrate STEM education into
their curriculum, even if they did not realize it based on their descriptions of how they promoted
different STEM skills in their lessons.
Theme 3: Struggle to Collaborate Across Content Areas
Integrated STEM education refers to removing walls between the subjects and teaching a
combination of content areas with an embedded approach (Breiner et al., 2012). The most
popular way teachers integrate STEM education is through problem/project-based learning (Lin
et al., 2021). This study examined how teachers at the mid-Atlantic middle school practiced
collaborating with other subjects and teaching with an embedded approach. The survey results
showed that many teachers used project/problem-based learning strategies (Nadelson & Seifert,
2017), but only within their own content areas. Teachers seemed to have a difficult time
collaborating across the curriculum to integrate STEM education, but did reach out to other
subject areas to promote consistency in all subjects. One participant stated that “we have
collaborated with the Language Arts department to work on their writing. We made sure to touch
base with them about what their writing process looks in Language Arts. So that way it aligns
with us.”
Another teacher explained that they were trying to promote more collaboration among
subjects but that it had been difficult as the subjects are “very singular.” The teacher went on to
explain that they have reached out to the Social Studies department to help integrate subjects by
using text in Language Arts that reflects “a specific era or time period” that the students are
learning about in Social Studies. However, the teacher did explain that:
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…it's not necessarily that we're like doing any projects, but we are trying to kind of line it
up so that when the students go to like both of the classes, it's like, oh yeah, we talked
about that in history.
This sort of support was mentioned a few other times in the interviews as teachers
worked with other teachers in different subjects to promote consistency. For example, one
teacher stated that they “take bits and pieces from a lot of different places. And I use a lot of
templates for my worksheets from Language Arts.” Another teacher stated that “unfortunately,
where I teach, we [don’t] have much opportunity for cross-curricular planning or design, besides
occasionally talking with English teachers because my students would write a lot.” Teachers at
the study site viewed collaboration as supporting consistency for different content within their
lessons so as to not confuse students. In terms of collaborating on a project/problem activity,
teachers did not collaborate.
Subtheme 1: Standards
Margot and Kettler (2019) explained that a major barrier to integrating STEM education
across the curriculum was difficulty scheduling with teachers in different subjects, time to
implement integrated STEM lessons, and the possible impact to focus on content standards. The
interviews in this study reflected much of what Margot and Kettler (2019) found in their study.
Many teachers struggled to find time to implement and collaborate due to the pressure to be
successful on standardized tests. The participant in Interview 1 explained that although they do
not have a standardized test for their class this year that they are feeling the constraints and
pressures of having their students meet the state standards. The participant stated that they think
that many educators may be hesitant to integrate STEM education into their curriculum because
they “may feel like this is just one more thing that [they] have to do.”

66
The participant in Interview 1 explained that another struggle teachers may have that
prevent them from integrating STEM education is the lack of time to plan for the lessons. The
participant stated:
I would also say a challenge is just time. Time to plan…as much as I love projects, it can
put me in a bind if a project took a week that I expected to only take two days, it puts us
behind on pacing and things like that.
The participant in Interview 2 also described the lack of time as being a major challenge.
They explained that there is a lot pressure on teachers to make sure students are equipped with
the content needed to be successful on the standardized test. The participant stated:
I think because there is such a push to make sure that you're teaching to the test, um, a lot
of time it's, you know, it's like we need to get this information and we need to shove it in
their faces and make that like, so that they can regurgitate it for the test.
Interview participants also explained that the siloed approach to teaching in the United
States prevents them from being able to collaborate with other subject areas to integrate STEM
education. The participant in Interview 5 stated the challenges teachers have is that “standards
are written in a very siloed way and everyone is trying to cover their standards while also
keeping it interesting.” The participant continued to explain the struggle of a siloed curriculum.
They stated that it is difficult “to then integrate with say a math class because they're trying to go
through their standards and the timing of it all is not necessarily going to line up easily.”
The participant in Interview 7 also explained how the state’s standardized test is a
challenge for teachers who wish to integrate STEM education. The participant stated:
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It's hard for us to dedicate days to let's play and innovate and engineer things without a
set goal or a set solution in mind, just because of that [standardized] test. I think that for
science, that's the big obstacle for us in fully integrating everything.
The participant continued to explain that they “think the standardized tests really get in
the way of us having the ability to collaborate together in an interdisciplinary way. I think it hurts
the students, to be honest.” All participants in the interview stated that the pressure to stick to
standards and make sure students are on pace to be successful on the state standardized test was a
major obstacle for integrating STEM. Teachers wanted to be able to collaborate with other
content areas and promote STEM skills through hands-on activities. However, the siloed
approach to teaching different subjects impacted their ability to collaborate with other content
teachers, and made it difficult to align different content areas to complete integrated STEM
activities.
Summary
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum. The
study used a combination of surveys and semi-structured interviews to answer the research
questions regarding how teachers use techniques and practices associated with situated
cognition/learning theory (Brown et al., 1989) in their classroom for STEM education
integration. The data collected from the surveys and interviews was consistent with the findings
of other studies in the literature review. The data showed that teachers agreed that STEM
education is important to help support the learning of different content areas. Teachers at the
study site used STEM education practices such as project/problem-based (Nadelson & Seifert,
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2017) learning within singular content areas. However, many teachers have trouble collaborating
with other content areas to integrate STEM education due to pressure to focus on standards and
standardized testing. Teachers at the study site also had an understanding of what STEM
education is but did not necessarily know how to integrate it into their content areas. Teachers
agreed that more professional development in STEM education would help them build
confidence and integrate STEM education to help support their content and promote STEM skills
across the curriculum.
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CHAPTER 5: CONCLUSION
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum. To
achieve its purpose the study explored how and/or if teachers practice common teaching methods
associated with STEM education such as problem-based or project-based learning (Nadelson &
Seifert, 2017). The study also explored what methods teachers used in their classrooms or
content areas to promote and practice common STEM skills identified in the literature review
such as communication, collaboration, critical thinking, and innovation. The research design
adopted for this case study was a qualitative case study approach. The study used a combination
of surveys and semi-structured interviews to answer the research questions regarding how
teachers use techniques and practices associated with situated cognition/learning theory in their
classroom for STEM education integration (Brown et al., 1989).
The site where the case study was conducted was one middle school in the mid-Atlantic
region of the United States. The qualitative case study was conducted through Likert surveys and
semi-structured interviews to ensure the subject is thoroughly explored (Baxter & Jack, 2008).
Data for the study was collected from 25 survey responses and seven interviews. All participants
were volunteers at the study site who met the qualifying criteria for the study. The data collected
from the surveys and interviews was consistent with the findings of other studies in the literature
review. The data showed that teachers agreed that STEM education is important to help support
the learning of different content areas. Teachers at the study site used STEM education practices
such as project/problem-based (Nadelson & Seifert, 2017) learning within singular content areas.
However, many teachers have trouble collaborating with other content areas to integrate STEM
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education due to pressure to focus on standards and standardized testing. Teachers at the study
site also had an understanding of what STEM education is but did not necessarily know how to
integrate it into their content areas. Teachers agreed that more professional development in
STEM education would help them build confidence and integrate STEM education to help
support their content and promote STEM skills across the curriculum.
Interpretation of Findings
The coding process discovered three major themes and three subthemes. The first theme
was that teachers at the study site understand that STEM Education is more than just the study of
science, technology, engineering, and mathematics. A subtheme to this was that teachers
promote STEM skills within their lessons. The second theme was that there was a lack of
training among teachers on STEM education. A subtheme of this was the lack of knowledge
teacher had regarding STEM integration. The last theme discovered was that the teachers at the
study site struggle to collaborate with other teachers in other content areas. A subtheme of this
was that standards that core subject teachers have to teach often contribute to the challenge of
collaboration with other teachers. The interpretations of these themes and subthemes helped the
researcher identify three major findings of the study.
The study data found one of the main themes was that teachers at the study site viewed
STEM education as more than just the study of science, technology, engineering, and
mathematics. Teachers at the study site viewed STEM education as a means to help students
build and practice important STEM skills. These skills include communication, critical thinking,
and creativity which are essential to be successful in the real-world. The data also found a
subtheme that teachers promoted STEM skills in their content areas, many without knowing it.
The findings found that many teachers originally did not think that they used STEM education in
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their content areas until they were asked about different STEM skills they might integrate into
their lessons. The study found that teachers viewed STEM education as important to their
content areas as it focuses on essential skills that can be applied across content areas (Brown et
al.,1989).
Interpretation 2: Knowledge and Practices of STEM Education
The study found another major theme which is that many teachers at the study site lacked
training in STEM education. Many of the participants in the study described that they developed
their understanding of STEM education through experience when teaching and through
individual curiosity. Most teachers at the study stated that they had not received any STEM
education training in teacher education programs or professional development opportunities.
Two of the interview participants indicated that they did have formal STEM education training at
their graduate institutions because the school offered a specific program that focused on STEM
education.
The study found a subtheme for knowledge of STEM education which was that many
teachers at the study site lacked knowledge about what STEM integration is. Teachers were
asked what their understanding of STEM integration was and all but one teacher stated that they
had never heard of the term before the interview. Teachers made up their own definitions during
the interview to describe it as incorporating different STEM subjects into their content areas. For
example, teachers would incorporate templates and processes from other subjects to promote
consistency between the content areas and not confuse students. In terms of collaborating with
other teachers to create a project/problem-based lesson where different subjects were represented
in the activity, all teachers admitted that they do not participate in cross-content collaboration.
The study found that many teachers outside STEM/CTE do promote STEM skills within
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their lessons. Most teachers at the study site used a combination of problem/project-based
learning to help student apply their content knowledge. Most teachers also indicated in the
survey and interview that they promoted different STEM skills such as creativity and innovation;
critical thinking and problem-solving; and communication and collaboration. Different content
areas seemed to focus on different STEM skills as teachers struggled to figure out how to
integrate some sets of skills depending on the subject they teach.
Interpretation 3: Struggles Integrating of STEM Education
The third theme that was found in the study was that many teachers struggled to
collaborate and integrate STEM education across content areas. The teachers in the study
indicated that many do not believe that they have skills or confidence to integrate STEM
education and/or some STEM skill sets. The teachers also indicated that they struggled to
collaborate with other content areas to promote the STEM skills using a combination of different
content areas much like students would solve problems in the real-world. The participants stated
that they believe that the major reasons teachers may struggle to collaborate with other content
areas and integrate STEM education was due to a lack of training and the pressure to focus on
standards. Teachers described that the standards in the state where the study was conducted are
very siloed and stated that it was difficult to find time to integrate STEM activities that promoted
some STEM skill sets and other content areas. Teachers also stated that the pressure to adhere to
pacing guides that align with the standardized tests prevented them from experimenting with
STEM integration.
Implications
The results of the study indicated that further actions are needed to help implement
STEM education training for teachers. At the school level, the study findings indicated that most
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teachers struggle to integrate STEM education across the curriculum and need formal training or
professional development to learn the necessary skills to integrate STEM education and build
confidence in the practice. At the higher education level, the data found that there is a lack of
teacher preparation programs that focus on STEM education and how to integrate it. The
findings could help promote the need for revisions to teacher preparation programs to include
STEM education practices.
Implication 1: Professional Development
Over half of the study participants indicated that they gained their understanding of
STEM education by experience and did not have any formal training. Due to the lack of formal
training, teachers indicated that they did not believe that they have the necessary knowledge to
integrate STEM education into their content areas. Many of the interviews revealed that the
teachers did not know what STEM integration was and came up with their own definitions.
Teachers also described the difficulty of incorporating STEM education into their content areas
and collaborating with other content areas to promote STEM integration. Teachers suggested that
to help solve this problem they would like to participate in “intentional professional
development” at the beginning of the school year.
Teachers indicated that another major challenge preventing them from being about to
integrate STEM education into their content areas was the state’s standardized testing. Teachers
feel a lot of pressure to stick to the standards of their content areas and pacing guides. These
restrictions make it difficult for teachers to not only collaborate with other content areas, but also
allow for time to develop meaningful integrated lessons. Teachers who have taken STEM
education classes in college were able to find ways to integrate STEM and attempt to collaborate
with other content areas. However, these teachers also indicated that it was difficult to integrate
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and collaborate across the curriculum due to many teachers feeling pressure regarding sticking to
standards and not being confident in practicing STEM education.
Implication 2: Higher Education Programs
The second implication of the study was that there is a lack of teacher preparation
programs in higher education that focused on STEM education and how to integrate it. The
majority of the study participants indicated that they did not receive any STEM education
preparation at the college level. Most teachers explained that the teacher preparation programs
they enrolled in focused on how to teach different subjects in a siloed way.
Teachers who did participate in teacher preparation programs that focused on STEM
education and integration had more confidence in practicing different integration methods.
Integration methods such as problem/project-based learning in collaboration with other content
areas was a practice they were familiar with and wanted to include in their lessons. However,
these teachers struggled to accomplish cross-curricular integration due to other teachers having a
lack of knowledge and confidence in practicing STEM education and integration.
Recommendations for Action
The findings, analysis, and conclusion of the study provided recommendations for further
actions to better support the integration of STEM education at the study site. The first
recommendation for action was to provide STEM education and training for teachers at the study
site. The second recommendation for action was to include STEM education into teacher
preparation programs in higher education.
Recommendation for Action 1: STEM Education and Training for Teachers
The researcher recommends that based on the study findings teachers at the study site be
offered professional development that focuses on basic STEM education and integration
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methods. Professional development can help support individual content areas and a combination
of multiple content areas. Many teachers in the study stated that they do incorporate
project/problem-based learning, but only within a singular content area. Project/problem-based
learning is a strategy that allows students to integrate the “knowledge and process of the specific
STEM disciplines…simultaneously, without regard to the discipline, but rather in the context of
a problem, project, or task” (Nadelson & Seifert, 2017, p. 221). The training would help teachers
gain the skills and confidence to integrate STEM within their content areas and find ways to
bypass common struggles and collaborate with other subjects.
Recommendation for Action 2: STEM Education in Higher Education Teacher Programs
The researcher recommends that based on the study’s findings universities and other
teacher preparation programs revise their curriculums to incorporate STEM education and
integration into their programs. The study found that most teachers had no formal training and
therefore lacked confidence in using STEM within their content areas. The study also found that
many teachers lacked the necessary knowledge and skills needed to integrate STEM education
across content areas. Revising teacher preparation programs to include STEM education will
provide teachers with the necessary skills to be successful integrating STEM education and will
also help students gain the experience and skills needed to be successful in the real-world.
Recommendations for Further Study
Further study on the topic of how teachers view, understand, and integrate STEM
education and skills into their curriculum is needed to provide a universal understanding of how
to better promote the use of STEM integration content areas. The present study allowed for
transferability so that other studies can find answers to the problem presented in the study. The
researcher recommends that the following studies be conducted to address is the lack of research
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about how core subject teachers outside STEM/CTE education, view, understand, and integrate
STEM education and skills into their curriculum.
Recommendation for Further Study 1: Conduct Additional Studies
The present study was conducted among a small sample size in a suburban district
outside a large city in the mid-Atlantic region of the United States. The smaller school and
teacher population resulted in fewer responses. Additionally, the responses may differ from
educators in more rural areas of metropolitan area as they may not have access to the same
resources and trainings more urban teachers do (Azano et al., 2020). The research recommends
that additional studies be conducted at multiple study sites, in different grade levels, and in
different regions of the United States. A differentiated approach to the study will allow
researchers to compare findings and better understand commonalities and differences among
teacher views, understandings, and practices of STEM education.
Recommendation for Further Study 2: Additional Survey Questions
The present case study was conducted through Likert surveys and semi-structured
interviews to ensure the subject is thoroughly explored (Baxter & Jack, 2008). The researcher
recommends that additional survey questions be incorporated into the study. The researcher of
the present study found that after analyzing the data from both the survey and interviews, that
there was a gap in the data collected in the survey. Additional survey questions are needed that
allow participants to share more details about their experiences in STEM education. Details
regarding challenges that prevent teachers from integrating STEM education was not included in
the survey. Therefore, the only details about these challenges were collected by a limited number
of interviews. Include additional survey questions that allow participants who only wish to only
complete the survey to share more details about their personal educational experiences. The
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current study was only able to delve into where educators developed their views and
understandings of STEM education and integration during the interviews.
Conclusion
The purpose of this qualitative case study was to explore how core subject teachers
outside STEM/CTE education in one middle school in the mid-Atlantic region of the United
States view, understand, and integrate STEM education and skills into their curriculum. The
study was able to answer the research questions and found three themes and three subthemes.
The study found that teachers at the study site understood that STEM education is more than just
the study of the individual content areas that make up the acronym STEM. Unfortunately, many
teachers did not have formal training in STEM education and struggled to collaborate with other
content areas to integrate STEM education across content areas due to the lack of education on
STEM integration. The study found that most teachers did not know what STEM integration is or
how to properly use it in their classroom. Finally, the study found that teachers practice
integrating STEM skills within their lessons without knowing that they were skills associated
with STEM. As a result of the findings and analysis, the research provided recommendations for
action at the school level and at a higher education level. The research also provided
recommendations for further studies that will help address the lack of research on how core
subject teachers outside STEM/CTE education, view, understand, and integrate STEM education
and skills into their curriculum.
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Appendix C
Invitation to Participate
Email Send Time: 9:30AM
Subject Line: Core Subject Teachers Needed for STEM Education Study
Email Body Text:
Hello fellow teachers! I hope you are relaxing and enjoying your summer!
For those of you who do not know me, my name is Rachel Brill-Lee, and I am one of the
STEM teachers here at the middle school. I am also a doctoral candidate at the University of
New England. Currently, I am in the process of completing my dissertation and I need your help
to conduct the research.
I am conducting a case study to explore how core subject teachers outside STEM/CTE
education in one middle school in the mid-Atlantic region of the United States view, understand,
and integrate STEM education and skills into their curriculum. To achieve its purpose the study
will explore how and/or if teachers practice common teaching methods associated with STEM
education such as problem-based or project-based learning and/or the integration of STEM topics
into their lessons. The study will also explore what methods teachers use in their classroom or
content areas to promote and practice common STEM skills identified such as communication,
collaboration, critical thinking, and others.
There are two parts to my study, one is an anonymous survey, and the other is a voluntary
semi-structured interview conducted over Zoom. If you would like to participate in the study,
please review the participant criteria below to see if you qualify for the study.
Who Can Participate? (Participant Criteria)
● Middle School Teachers who teach core subjects:
○ Language Arts
○ Mathematics
○ Social Studies
○ Science
● Teachers who self-report/believe that they have a basic understanding of what STEM
education is.
● Teachers who self-report/believe that they use at least one of the following STEM
teaching practices:
○ Project-based learning
○ Problem-based learning
○ Integrating STEM topics into lessons
○ Incorporation of STEM skills such as:
■ communication and collaboration
■ critical thinking and problem solving
■ creativity and innovation
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If you meet the participant criteria, please continue to the link below that will lead you to
the consent form and survey. At the end of the survey participants will be offered an option to
volunteer for the interview portion of the study. Participants that select no will prompt the survey
to end. Participants that select yes will be exited from the survey and automatically taken to a
new form to complete and submit their contact information.
<LINK TO STUDY>
If you have any questions or concerns about your participation or the study itself, please
do not hesitate to contact me at rbrilllee@une.edu.
Best,
Rachel Brill-Lee
University of New England Doctoral Candidate
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Appendix D
Informed Consent
UNIVERSITY OF NEW ENGLAND
CONSENT FOR PARTCIPATION IN RESEARCH
Project Title: EXAMINING MIDDLE SCHOOL CORE TEACHER KNOWLEDGE AND
PRACTICES IN STEM EDUCATION
Principal Investigator(s): Rachel Brill-Lee
Introduction:
• Please read this form. You may also request that the form is read to you. The purpose of
this form is to give you information about this research study, and if you choose to
participate, document that choice.
• You are encouraged to ask any questions that you may have about this study, now,
during, or after the project is complete. You can take as much time as you need to decide
whether or not you want to participate. Your participation is voluntary.
Why is this research study being done?
The problem this study addresses is the lack of research about how core subject teachers outside
STEM/CTE education, view, understand, and integrate STEM education and skills into their
curriculum. Many educational institutions report challenges with achieving student success in
STEM disciplines and attribute the struggle to the lack of knowledge and education on how and
what to teach regarding STEM education among teachers across the curriculum (Stehle & PetersBurton, 2019). Specifically, there is limited agreement on how to teach STEM education, help
students gain the necessary skills to be successful in STEM careers, and encourage students to
pursue STEM careers after graduation (Stehle & Peters-Burton, 2019). Students who enter
STEM careers immediately after high school graduation may be knowledgeable about the field
content but are not necessarily equipped with the skills of how to apply the knowledge through
collaboration and problem-solving that the fields require to be successful (Odell et al., 2019).
These skills can be taught through integrative teaching approaches in STEM across the
curriculum; however, many K-12 educators struggle to accomplish this due to confusion of
where and how to integrate these practices (Stehle & Peters-Burton, 2019).
The purpose of this case study is to explore how core subject teachers outside STEM/CTE
education in one middle school in the mid-Atlantic region of the United States view, understand,
and integrate STEM education and skills into their curriculum.
Who will be in this study?
● Middle School Teachers who teach core subjects:
○ Language Arts
○ Mathematics
○ Social Studies
○ Science
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● Teachers who self-report/believe that they have a basic understanding of what STEM
education is.
● Teachers who self-report/believe that they use at least one of the following STEM
teaching practices:
○ Project-based learning
○ Problem-based learning
○ Integrating STEM topics into lessons
○ Incorporation of STEM skills such as:
■ communication and collaboration
■ critical thinking and problem solving
■ creativity and innovation
What will I be asked to do?
Participants will be asked to complete an anonymous 5-minute Likert survey. At the end of the
survey, participants will be offered an opportunity to on a separate form to volunteer for an
optional 30-60-minute semi-structured interview conducted over Zoom at a different day/time.
The survey portion of the study will be anonymous, while the interview portion will not be
anonymous but remain confidential.
Participants who volunteer for the interview portion of the study will also be asked to review the
interview transcript so that any necessary changes will be reflected before the researcher begins
analyzing the data. Once the data is analyzed, the researcher will send the preliminary analysis to
the interviewees (known as member checking) to gain feedback from the study participants
regarding preliminary findings, and thus minimizing misinterpretations of what the participants
said during the interview (Merriam & Tisdell, 2016).
What are the possible risks of taking part in this study?
The participants’ identity and employment location will not be disclosed, therefore there will be
limited burden on the participants minus time to conduct the interviews and complete the
member checking process.
What are the possible benefits of taking part in this study?
Although there are not any direct benefits to participating in the proposed study, the findings
from the study may be used to help inform best practices which the participants/teachers will be
able to implement into their classrooms.
What will it cost me?
No cost to the participants
How will my privacy be protected?
The participants’ identity and employment location will not be disclosed. The survey portion of
the study will be anonymous, while the interview portion will not be anonymous but remain
confidential. Participant privacy and identity will be protected by replacing any personal
identifiable information with pseudonyms.
How will my data be kept confidential?

92
The researcher will conduct the surveys using REDCap. REDCap stands for Research Electronic
Data Capture and is used by many institutions for secure web-based databases and surveys
(Harris et al., 2019). The survey will not collect any personal identifiable information, therefore,
maintaining anonymity of participants. The researcher will also replace any personal identifiable
information from interview participants with a research code to track data.
What are my rights as a research participant?
• Your participation is voluntary. Your decision to participate will have no impact on your
current or future relations with the University.
• Your decision to participate will not affect your relationship with your institution.
• You may skip or refuse to answer any question for any reason.
• If you choose not to participate there is no penalty to you and you will not lose any
benefits that you are otherwise entitled to receive.
• You are free to withdraw from this research study at any time, for any reason.
o If you choose to withdraw from the research there will be no penalty to you, and
you will not lose any benefits that you are otherwise entitled to receive.
• You will be informed of any significant findings developed during the course of the
research that may affect your willingness to participate in the research.
• If you sustain an injury while participating in this study, your participation may be ended.
What other options do I have?
• You may choose not to participate.
Whom may I contact with questions?
• The researcher conducting this study is Rachel Brill-Lee.
o For more information regarding this study, please contact Rachel Brill-Lee at
rbrilllee@une.edu.
• If you choose to participate in this research study and believe you may have suffered a
research related injury, please contact Marylin Newell, PhD, Lead Advisor,
mnewell@une.edu
• If you have any questions or concerns about your rights as a research subject, you may
call Mary Bachman DeSilva, Sc.D., Chair of the UNE Institutional Review Board at
(207) 221-4567 or irb@une.edu.
Will I receive a copy of this consent form?
• You may request a copy of this consent form.
___________________________________________________________________
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Participant’s Statement
I understand the above description of this research and the risks and benefits associated
with my participation as a research subject. I agree to take part in the research and do so
voluntarily.

Participant’s signature or
Legally authorized representative

Date

Printed name
Researcher’s Statement
The participant named above had sufficient time to consider the information, had an
opportunity to ask questions, and voluntarily agreed to be in this study.
Researcher’s signature
Printed name

Date

94
References
Harris, P. A., Taylor, R., Minor, B. L., Elliott, V., Fernandez, M., O'Neal, L., McLeod, L.,
Delacqua, G., Delacqua, F., Kirby, J., & Duda, S. N. (2019). The REDCap consortium:
Building an international community of software platform partners. Journal of
Biomedical Informatics, 95, 103208. https://doi.org/10.1016/j.jbi.2019.103208
Merriam, S. B., & Tisdell, E. J. (2016). Qualitative research: A guide to design and
implementation (4th ed.). San Francisco, CA: Jossey-Bass
Odell, M. R. L., Kennedy, T. J., & Stocks, E. (2019). The impact of PBL as a STEM school
reform model. The Interdisciplinary Journal of Problem-Based
Learning, 13(2)https://doi.org/10.7771/1541-5015.1846
Stehle, S. M., & Peters-Burton, E. E. (2019). Developing student 21st century skills in selected
exemplary inclusive STEM high schools. International Journal of STEM Education, 6(1),
1-15. https://doi.org/10.1186/s40594-019-0192-1

95
Appendix E
Survey Questionnaire
Demographic information at the study site to confirm site information found in school quality
profile
1. What is the content currently you are teaching at the study site?
a. Social Studies
b. Language Arts
c. Mathematics
d. Science
2. What grade(s) do you teach the content?
a. 6th
b. 7th
c. 8th
d. All of the above
e. Two different grades
3. How many years have you taught at the study site?
a. Less than 1 year
b. 1-5 years
c. More than 5 years
4. How many years of teaching experience do you have?
a. Less than 1 year
b. 1-5 years
c. More than 5 years
View STEM Education
Rate your level of agreement with each statement.
Likert scale

STEM education supports the learning of
my content area.
STEM education is easily applied to my
content area.
STEM education supports necessary
skills to be successful in my content area
such as collaboration and problem
solving.

1
Strongly
Disagree

2
3
4
5
Somewhat Neutral Agree Strongly
Disagree
Agree
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I use real-world problems or situations to
help my students understand how they
can apply my content knowledge.
Integrating STEM education into my
content area is challenging.
I have the necessary knowledge to
integrate STEM education into my
content area.
I need more professional development to
better understand how to integrate STEM
education into my content area.

Understand STEM Education
Rate your level of agreement with each statement.
Likert scale

STEM stands for science,
technology, engineering, and
mathematics.
STEM education is used to solve
real-world problems.
STEM education helps promote
important life-skills needed to be
successful in today’s workforce.
STEM education is more than
learning the content in science,
technology, engineering, and
mathematics.
I learned about STEM as a student
in K-12.
I learned about STEM education
while studying education in college.

1
Strongly
Disagree

2
Somewhat
Disagree

3
4
Neutral Agree

5
Strongly
Agree
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I learned about STEM education as
a teacher during professional
development.
Integrate STEM Education
Rate your level of agreement with each statement.
Likert scale

STEM integration is using science,
technology, engineering, and math
together to solve problems.
I use problem-based learning in my
lessons.
I use project-based learning in my
lessons.
I collaborate with teachers from other
subjects to create activities for my
students that promote content
knowledge and skills from different
subjects.
My lessons promote collaboration and
communication skills for my students.
My lessons promote creativity and
innovation for my students.
My lessons promote accountability
and leadership opportunities for my
students.
My lessons use technology and
promote different media platforms for
my students to experience while
learning.

1
Strongly
Disagree

2
Somewhat
Disagree

3
4
Neutral Agree

5
Strongly
Agree
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Appendix F
Semi-structured Interview Questions
1. Tell me about what you think STEM education is.
2. Where did you develop this understanding of STEM education?
a. Probe: In your own student experience, in college, professional development at
work?
3. What do you think STEM integration is?
4. Where did you develop this understanding?
a. Probe: In your own student experience, in college, professional development at
work?
5. How do you think STEM education is integrated into your content area?
a. Probe: How do you use the four STEM disciplines in your curriculum?
6. What STEM subjects do you use most?
a. Probe: Why do you use those subjects more than others?
7. How do you promote critical thinking and problem-solving in your lessons?
8. How do you promote collaboration and communication?
9. How do you promote creativity and innovation?
10. How do you use technology and different media platforms in your lessons?
11. How do you promote accountability and leadership among students?
a. Probe: How do you help students manage projects, produce results, and guide
others?
12. How often do you collaborate with other subjects to complete a single project or
problem?
a. Probe: How do you collaborate with any other subject outside your content area
so that your students complete a single project that focuses on the content
knowledge of all subjects included?
13. What challenges do you have using STEM education in each lesson?
14. What challenges do you think all teachers have with integrating STEM education in all
content areas?
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